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.
INTRODUCTION
For several years it had been observed that
certain members of the plant kingdom were evidently
more desired as food by the adult Japanese beetle
than other members. Furthermore, it was believed
that this desire was probably influenced by the
odor of such food. It was not, however, until 1922
that the value of chemo tropic response of this in-
sect was truly appreciated and definite plans of
investigation formulated.
A preliminary paper by Richmond (1927) briefly
summarizes the results of such researches. It is
the purpose of this paper to treat these studies
in greater detail in order that some of the possi-
bilities, which chemotropic researches afford, may
be more fully realized and in anticipation that at
least some of the difficulties of future workers
in this field may be materially lessened.
In the past considerable study has been de-
voted by chemists to the constituents of plants,
and valuable knowledge has been attained, yet it is
a vast problem and much remains to "be solved for many
years to come. Had there been more known in this field
our method of approach would doubtless have been direct-
ed through other channels, but, on account of the many
unknown phases of this subject, certain preliminary
tests had to be conducted.
II , METHODS OF EXPERIMENTATION
The methods used in experimentation varied as
they were gradually improved by experience. The first
information relative to the attradtiveness of certain
odors to the Japanese beetle w<a.s obtained by the use
of perfumed sprays. To ascertain whether or not the
beetle could be attracted by an odor, a number of
essential oils and their constituents were tested by
spraying the foliage of both infested and non-infest-
ed plants. Adjacent foliage was employed as a check
and the beetles going to and from the plants con-
cerned were counted. The results indicated that sassa-
fras, hemlock, mustard and lemon oils, and amyl val-
erate were somewhat attractive to the beetle. Certain
other oils appeared to be neutral in their effect
upon the beetle, while another group appeared to te
re pellent
.
The main objection to the use of such sprays
seemed to be the fact that the odors thus applied
dissipated within a few hours. This objection led
to a search for a better method of testing odors and
the use of a solid bait-carrier was finally decided
upon. The spray method was not entirely discarded,
however, for it has served ever since to shorten the
time required for experimentation by indicating the
general effect of a given odor. The use of sprays
and dusts in the search for a suitable repellent
will not be discussed here, but their use in demon-
strating the practicability of odors in large scale
operations will be considered later under Chapter
VII. The experimental data presented herewith deal
principally with bait can tests. Naturally more
accurate records would have been secured if all the
beetles attracted had been counted by means of the
bait traps, developed concurrently with this study,
or by personal observations but such procedures would
have entailed considerable time and expense. By
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carefully equalizing all factors, however, it is be-
lieved that the relative values of the materials were
obtained even if all the activities of the attracted
beetles were not recorded. Most of the data obtained
by analyzing the trap collections and by feeding ob-
servations will be described in other papers.
Bran proved to be the best bait-carrier and its
use will be considered under the chapter "Carriers
for Baits". The various oils and chemicals to be
tested were added to a sweetened bran mixture. At
iirst 175 grams were used for each bait but the amount
was later reduced to 100 grams so that the odorous
materials added could be more easily expressed in
terms of percentage. All figures previous to this
change have been readjusted in this paper to a per-
centage basis. Dusts, including such materials as
arsenate of lead, Icieselguhr, flour, charcoal, and
lampblack, were used with varying degrees of success.
The principal experiments were conducted in two
orchards known as Andrews' orchard and Leeds 1 orchard,
respectively. The former was planted to "Wild Goose"
and Newman plums. The latter contained both early
and late varieties of apple and peach trees and these,
in general, were arranged in alternate rows. Neither
of these plantings had been cultivated for several
years. The condition of these orchards was charted
very carefully with respect to ecological surround-
ings.
The beetle is exceedingly susceptible to the in-
fluence of odor, color, and clinatic conditions.
Whether these factors act as stimuli or depressants
depends largely upon their combination and the force
which each exerts upon the insect at any given time.
For example, it has been found that an odor may be
repellent, neutral, or attractive to the beetles de-
pending upon the temperature -humidity relationship.
Therefore, it is evident that all such factors must
be taken into consideration before the chemo tropic
response can be determined quantitatively or definite
conclusions drawn.
In order to properly regulate the c limato logical
factors, it was believed advisable to test the beetle
in its natural surroundings. In addition to the cus-
tomary weather records, taken at the laboratory head-
quarters weather "bureau, units were set up in each of
the experimental orchards, observations on the temper-
ature, humidity, vapor pressure, condition of the sky,
and wind were all made at the regular collecting hours
and recorded on special forms provided for this pur-
pose
.
All baits were prepared in the laboratory. In
the field, the materials were suspended in perforated
tins and placed at various points in the orchard. The
beetles, which gathered on the baits, were collected
from each can six times daily, except Sunday, and at
the following hours: 9, 10, 11, A. M., 12:30, 1:30,
and 2:30 P. M. (Standard Time). Special forms for
recording the hourly collections, as well as collections
by cans, were used. Later, when time permitted a re-
view of the data, the records of the collections were
arranged in as many categories as seemed advisable.
Orginally, large cyanide jars (12- museum jars) were
used in connection with a funnel net to collect the
beetles which were then stored in 5-ounce bottles as
soon as the beetles became inactive. The jars were
later superseded by ordinary milk bottles and, if the
"beetles were not too numerous, a count was merely
made at the "bait can, thus dispensing with storage.
In most of the tests, considered in this paper,
five bait cans, hung on different trees, were used
for each odor, and an experiment usually consisted
of seven different odors and a check of sweetened
"bait. This method was in contrast with another
method in which only one can was used. The amount
of odorous materials added to the "baits of 1923
varied from 0.1 c.c, to 10 c.c. per bait. In the
succeeding years the range was from 0,25% to 10,^.
As a result of extensive field observations,
it was believed that while hourly and even half-
hourly collections from bait cans gave fairly accu-
rate indications of the relative attractive value of
the different materials, they did not reveal the
actual number of beetles attracted. Therefore, con-
tinuous observations were made over a period of
several hours of the number of beetles actually alight-
ing upon bait cans. Collections were made from these
cans at the usual hourly or half-hourly intervals, and
the results were compared.
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The following conclusions were drawn: (1) Hour-
ly collections give a reasonably accurate indication
of the relative attractive value of different materials.
(2) Half-hourly collections give a more accurate in-
dication than hourly collections. (3) Materials
tested by a single bait can method give a more accu-
rate indication of relative attractive value than do
those tested by the 5-can method. (4) While contin-
uous observations give the most accurate indications,
the results are not sufficiently superior to those of
half-hourly observations on single-can experiments to
warrant the extra time entailed. (5) Close proximity
(2 feet) of bait cans to each other does not appear
to influence the results in any way.
On account of such observations, it was decided
that future experiments should be conducted by means
of the single bait can method, accompanied by half-
hourly observations, A single can of each material
in a series, including eight tests at the most, should
be hung beneath a single tree. The test may be re-
peated under as many trees as desired. By such a
system, a collection from all cans can be made in a
comparatively short time, and nearly identical condi-
tions attained for every material tested.
in
.
CARRIERS FOR BAITS
The bait-carriers referred to in these investi-
gations are defined as those substances consisting of
such materials as bran, middlings, and sawdust, which
possess the property of retaining odors over a longer
period of time than if such odorous materials were
used alone. At the same time care must be used not
to bind up a material too tightly, as is the case
when such a substance as charcoal is used.
Three different materials were tested as carriers
during the 1924 season. In some cases combinations
of these carriers were used. In order to keep the
baits moist and to hold the ingredients together,
glycerin, molasses, or gum arabic were added either
separately or together.
It is thus seen that a determination of the value
of these various materials in attractiveness included
the usual, much-debated problem pertaining to the
value of sugar solutions. With such objectives in
view the following bait mixtures were tested with
gard to their attractive values:
Bait Mixtures
Bait No. 1.
Bran 100 gms
Molasses (50% solution) .... 75 c.c.
Glycerin 5 c.c.
Bait No. 2.
Bran 100 gms.
Gum arabic (10% solution) .. 75 c.c.
Glycerin 5 c.c.
Bait No. 3.
Bran
;
; 100 gms
.
Gum arabic (15% solution) .. 75 c.c.
Bait No. 4.
Middlings 100 gms.
Refiner •s syrup (75% solution) 75 c.c.
Glycerin 5 c.c.
Bait No, 5.
Bran 100 gms
,
Refiner's syrup solution) 75 c.c.
Glycerin 5 c.c.
Bait No. 6,
Sawdust 100 gms.
Molasses (50% solution) .... 75 c.c.
11.
Bait No. 7,
Bran 100 gms.
Molasses {10% solution) .... 75 c.c.
Glycerin 5 c .c.
Bait Ho. 8.
Bran 100 gms.
Molasses (75^ solution) .... 75 c.c.
Glycerin 5 c.c.
Bait No. 9.
Bran 20 gms.
Middlings 30 gms.
Molasses {50% solution) .... 40 c.c.
Glycerin 5 c.c.
In preparing these mixtures, the correct amount
of "bran, middlings, or sawdust was first weighed out.
The molasses, gum arabic, or refiners' syrup solution
was then prepareo, the particular material "being
measured in a graduate and diluted gradually with dis-
tilled water, accompanied by vigorous shaking. This
solution was added to the solid material, care being
taken to obtain a complete mixture. The glycerin
was then thoroughly stirred in. In the case of Bait
12.
No. 9, the bran and middlings were mixed before any
of the liquids were added.
The 1924 tests were not as extensive as those
tests of later years but a general idea of the situ-
ation was obtained. Conclusions were based on a com-
parison of collections from isolated materials, within
a series, and between series when any bait of the two
series was identical.
Solid substances, such as bran, middlings, and
sawdust, proved to be of no value when used alone. No
beetles were attracted by them. Their value proved to
be essentially that of carriers and, as such, they
possess the quality of retaining odors over longer
periods of time. A too rapid dissipation of odors is
thus prevented.
Bran was definitely proven to be the most effi-
cient of the solid carriers. Middlings formed too
compact a mass and, in a few days, became so tightly
packed that odors did not emanate through the crust.
Bran was added to the middlings in an endeavor to
rectify this fault but it did not help materially.
Sawdust does not absorb the chemicals to be tested
13.
as readily as the other carriers do and is very likely
to possess a more or less repellent odor.
The liquids, namely molasses, refiners' syrup,
corn syrup, glycerin, and gum arabic hold the solid
ingredients together. The latter two possess no
marked odor although gum arabic, as well as molasses,
refiners' syrup, and corn syrup, proved to be slight-
ly attractive.
Early workers at this laboratory seemed to be
at variance regarding the attractive value of molasses.
It was concluded from the experiments of 1923 that
the main value of molasses in baits was to keep the
mass intact and to induce the beetles to feed after
they had been attracted. However, a closer analysis
of the experiments showed that a bran-glycerin-
molasses bait attracted nearly two beetles per day
during a period of forty days. This tended to in-
dicate that there really was some attractive value
in molasses and the results of 1924 apparently
strengthened such a conclusion.
No attempt was made to compare the attractiveness
of molasses and refiners' syrup by treating them in
14.
the same series but a general impression was obtained
which seemed to indicate that refiners' syrup was the
better attrahent. Bait 5 and Bait 6 were tested at
the same time and the former, which contained refiners'
syrup, as reference to the list of bait mixtures
(page 10) will show, attracted 853 beetles as against
221 beetles for Bait 6 in which molasses was used.
The appearance of beetles on the cans was very
irregular, as a check, Bait 5 led all other baits
for the season.
It seems logical that bait mixtures, impregnated
with the same odorous chemicals, may be compared.
Bait 1 and Bait 3, both containing geraniol of a
0.25 per cent concentration and citral of a 0.5 per
cent concentration attracted 3619 and 1297 beetles
respectively. This shows that Bait 1, containing
molasses, is apparently preferred to Bait 3 with
gum arabic. In the same way Bait 2 and Bait 4 were
compared when used with geraniol of a 5 per cent
concentration. The former, a gum arabic mixture,
attracted only 7131 beetles as against the latter,
containing refiners' syrup, which showed a
collection of 9128 beetles.
15.
A 15 per cent aqueous solution of gum arabic
was tested by placing 100 c.c. in each of five
shallow porcelain dishes on stands erected in an
orchard. The total collection over a period of
four days amounted to 74 beetles. The largest
collection of any one day was 33. For three days
observations were made between 12; 30 and 1 : 30 o'clock
in the afternoon with the result that an hourly aver-
age of 8 beetles were observed as being caught by
the bait.
Blackstrap was tested in the same manner as the
gum arabic just mentioned. Only 19 beetles were
collected in 5 days but the results can not be com-
pared v/ith those of gum arabic since they were test-
ed over a different period of time and during the
latter part of the summer when the beetles were on
the wane
,
Fo beetles were attracted to traps, containing
expressed apple juice or cider as baits. When
crushed apples were placed on stands, they proved
very attractive.
Such scattered observations, which have just
16.
been described, are merely preliminary but they doubt-
less give an insight into what the beetles desire.
Moreover, the records more or less justified the
selection of Bait 5, consisting of refiners' syrup,
glycerin and bran, as a basis for all baits used in
subsequent years with the exception of certain single
bait can tests.
Since the value of the different bait mixtures
and their ingredients was not definitely determined,
similar investigations along these lines were con-
tinued in 1925 but it was not until 1926 that definite
tests along such lines were put in operation. It was
decided at that time to use the single bait can
method, which has previously been described. (Page 8)
The experiment was organized into various tests
as follows:
Series 1 . July 8-21. Andrews' peach orchard.
Group 1
.
(a) Blackstrap molasses (75^) solution - 100 gm.
(b) Blackstrap molasses (75#) solution - 57 c.c. -
bran 52 gm.
(c) Blackstrap molasses (75#) solution - 57 c.c. -
sawdust 52 gm.
17.
(d) Blackstrap molasses (75%) solution - 95 gm.
Geraniol (83% pure) 5 gm.
(e) Blackstrap molasses (75%) solution - 35 c.c. -
"bran 50 gm, Geraniol (83% pure) 5 gm.
(f) Blackstrap molasses (75%) solution - 35 c.c. -
sawdust 50 gm. Geraniol (83% pure) 5 gm.
(g) Bran - 95 gm. - Geraniol (83% pure) 5 gm.
(h) Sawdust - 95 gm. Geraniol (83% pure) 5 gm.
Group 2 . Similar to Exp. 1 except that refiners'
syrup (in a 75% solution) was used, in place
of molasses, at the same rates throughout.
Group 3
.
Similar to Exp. 1 except that gum arabic
(15% solution) was used in place of molasses
at the same rates throughout.
Group 4
.
Similar to Exp. 1 except that Karo (75%
solution) was used in place of molasses at
the same rates throughout.
Series 2. July 23 - August 14. Andrews' peach orchard.
Group la. Identical with Exp. 1.
Group 2a. Identical with Exp. 2.
Group 3a. Identical with Exp. 3.
Group 4a. Identical with Exp. 4.
Series 1 was carried on during the early part of
18.
the summer. The collections were much smaller than
those from Series 2, because of the late emergence of
the "beetle and of inclement weather, it will there-
fore he omitted from the discussion of this experiment.
In order to have all cans used in each series
under nearly identical conditions, the eight cans of
each group were hung about two feet apart in a single
tree, and four adjacent trees were used for each
series. The liquid baits were protected by screening
to prevent the beetles from falling into them.
The bran and geraniol combination and the saw-
dust and geraniol combination were used in each
group, partly to determine which was the better com-
bination, and partly to ascertain whether the com-
binations would attract approximately the same number
of beetles in each group of a series. If they did,
the results from other materials used in the same
series could be compared directly and they would
thus serve as safe checks. The presence of geraniol
in the vicinity doubtless influenced the activity of
the beetles as regards baits not containing geraniol,
but the relative value of baits ought not to be
materially disturbed.
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When this experiment was started it was believed
that nearly identical conditions could be obtained
between the groups of each series. The final results,
however, show that such was not the case, perhaps be-
cause the degree of infestation on the various trees
was not uniform. It is, therefore, obvious that, while
the results within a group are comparable, those be-
tween the groups are not, unless the bran-geraniol and
sawdust-geraniol baits are acceptable as checks.
Careful scrutiny of Table No. 1 will bring out
important facts. The constant presence of geraniol
in the vicinity increased the collections from
all
baits. The four solutions listed under "materials
tested" cannot be compared directly since they
were
tested under different trees. The superiority
of
molasses, however, is clearly evident since
it excelled
in all of the combinations. Molasses or
refiners'
syrup, when usea with geraniol and bran,
exceeded
molasses or refiners' syrup with geraniol and
sawdust.
If the check baits mentioned above
are taken into
consideration, refiners' syrup proved less
attractive
than molasses when geraniol and bran were
used, but
was more satisfactory than molasses in the presence
of
geraniol and sawdust.
just what role sawdust plays to make the refiners'
syrup preferable in this case is a question. Very
few
beetles were taken in either case so another test
might turn the table. It is quite possible that saw-
dust may in some way mask the odor of molasses
more
thun the odor of refiners' syrup or that of
geraniol
may not be so readily taken up by the refiners'
syrup
and thus create a more satisfactory odor of
geraniol.
Sawdust and geraniol, however, proved only
one-fourth
as effective as bran and geraniol but in
this case
geraniol may have dissipated more rapidly than
it did
with the refiners' syrup.
Molasses with bran was less effective than
molasses
with sawdust but the difference may be
considered as
negligible. Refiners' syrup, gum arable, or
corn syrup
attracted very few more beetles when used
with bran in
contrast to sawdust.
Table No. 2 gives the collections from
the twelve
leading bait mixtures of the single bait
can series of
1926, viewed from different angles.
22.
Table 2. Relative value of the twelve leading
baits (Single can series - 1926)
beetle?
one
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Bait Molasses,
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.
Corn Syrup,
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,
Bran,
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.
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Geraniol. Geraniol.
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Bait Molasses,
Geraniol.
Corn Syrup, Molasses,
Geraniol. Bran,
Geraniol.
Refiners 1 Gum Arabic, Molasses.
Syrup, Bran, Bran,
Geraniol. Geraniol.
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Bait Refiners' Gum Arabic, Bran,
$ Syrup, Geraniol. Geraniol.
Geraniol,
Corn Syrup, Sawdust, Gum Arabic,
Bran, Geraniol. Sawdust,
Geraniol. Geraniol.
Indicates the figure of the leading bait in the category considered
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Table 2. Continued
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IV
.
ESSENTIAL OILS
It has been previously explained in Chapter II,
Methods of Experimentation, that certain essential oils
were first tested in the search for materials attractive
to the beetle. Many "bait can experiments were conduct-
ed during the years of 1923-1926 and tables 3 to 7,
inclusive, show the number of beetles collected from
the various oils tested. The series numbers are given
since results between series are not entirely comparable.
The results from the 1922 spraying experiments
showed that sassafras oil, presumably the natural pro-
duct, was somewhat attractive and all subsequent tests
by the bait can method clearly substantiated this
statement. In 1923 and 1924 natural sassafras oil
easily led all other oils as tables No. 3 and No. 4
reveal.
In 1923 and 1926 clove oil showed evidences of
marked attractiveness, although it never approached
sassafras oil in the number of beetles attracted. Its
attractiveness increased noticeably as its concentration
was decreased. Table No. 4 brings out this fact and
also shows that sassafras oil of a 5.71 per cent con-
25.
centration was the most satisfactory of the percentages
tested that year.
Citronella proved second to sassafras in the number
of beetles collected during 1924. Several oils were
tested during 1925 and 1926 in an endeavor to see if
any of them were attractive enough to warrant consid-
eration, hut East Indian Geranium oil was the only
oil which gave any particular attraction. Table No.
7 shows that the latter was much less attractive than
the clove oil.
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Table 3. Number of beetles collected
from baits containing essential oils (1923)
*
Material
Percent Total no.
Concen- of beetles Daily
Series tration collected Average
1 5.71 1737 124.0
1 0.57 667 47 .6
10 ii 1 C A154 14 .0
8 ii 30 10 .0
9 ii 87 7.3
10 H 71 O .0
9 II 76 D # 0
10 II 6
1
c c0 # D
9 II 65 5.4
10 II 59 5.4
10 II 56 5.1
10 II 51 4.6
10 II 29 2.6
9 II 30 2.5
10 II 28 2.5
10 II 26 2.3
9 II 26 2.2
8 II 6 1.5
7 II 9 1.5
10 It 14 1.3
10 II 14 1.3
10 II 12 1.3
10 II 14 1.3
10 II 13 1.2
9 II 14 1.2
10 II 11 1.0
9 II 9 0.8
10 II 9 0.8
10 II 8 0.7
9 II 2 0.2
9 II 1 0.1
Sassafras (natural)
Clove
Cassia
Hemlo ck
Citronella
Eucalyptus
Rue
Tansy
Aniseed
pine
Orange (sweet)
Spearmint
Cedar leaf
Sage
Almond (bitter)
Fennel
Croton
Lemon
Banana
Mustard
Cajeput
Coriander
peppermint
Capsicum
Wormseed
Thyme
Wintergreen
Cedar wood
Almond (sweet)
pe nnyroyal
Cade
• Table includes only the collections from the most satis-
factory per cent of a given oil.
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Table 4 Number of beetles collected from
baits containing different concentrations
o
sassafras and clove oils. tly^J
per cent Total no.
concen- of beetles Daily
Material Series tration
collected average
Sassafras (natural) 1 5.71 1737
I<s4 .'J
ii ii 1 2.86 1239
ftA ^oo
.
o
•i ii 13 2.00
27.1
ii ti 13 2.28 347
24.8
it ii 13 1.71 478
34.1
n it 13 1.14 489
34.9
ti N 13 0.57 709
50.6
•i II 1 0.57 1161
82.9
n •l 13 0.28 329
23.5
1 5.71 95
6.8
Clove
16.5
it
1 2.86 231
ti
1 0.57 667
47.6
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Table 5. Number of beetles collected fr
baits containing essential oils (1924}
Material Series
per cent
concen-
tration
Total no.
of beetles
collected
Daily
average
Sassafras ( natural) 5 5.0
2946 26.5
Citrone 11a 8 0.5
562 8.5
Ginger 9 1.0
117 4.0
Banana 8 1.0
18 0.3
Cassia 1 0.5
9 0.0
Clove 1 0.5
3 0.0
Cassia 1 2.5
2 0.0
Sassafras (imitation) 1 5.0
0 e.o
Cade
Hemlo ck
Hemlock
9
1
1
1.0
2.5
0.5
0
0
0
0.0
0.0
0.0
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Table 6. dumber of beetles collected
from baits containing essential oils.
[iv^O)
Material Series
Ginger
Lavender flower
Bergamot
Orange
per cent
concen-
tration
Total no.
beetles
collected
Hourly
average
1.0 182 2.9
1.0 163 2.6
2.5 315 0.4
2.5 310 0.4
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Table 7. Number of beetles collected
from baits containing essential oils. (1926)
Material Series
Per cent
concen-
tration
Total no.
of beetles
collected
Hourly
average
Clove 7 0.25 11,114 97.5
East Indian Geranium 7 5.00 5,145 45.2
Lemongrass 8 5.00 1,806 17.1
American 8 5.00 1,752 16.5
Tansy 8 5.00 740 7.0
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V. CONSTITUENTS OF THE SEVERAL OILS
The experiments of 1922 and 1923 showed clearly
that natural sassafras oil was noticeably attractive
to the Japanese beetle. It was thus natural to expect
that one or more of its constituents were causing such
response. It is a difficult problem to isolate the
chemicals of a given essential oil but, with the aid
of such works as Gildemeister and Hoffman, Parry,
Thorpe, Poucher, Kraemer, etc., a fairly good idea was
obtained of the chemicals present.
Sassafras oil is obtained from Sassafras varii folium
(Salisb.) Ktze, which is a native tree of Forth America,
and a member of the Lauraceae , The sassafras occurs in
New Jersey and is a favored food^plant of the adult
beetle. The older bark and wood having very little odor
but the green twigs and the roots, particularly its
bark, are very aromatic.
The source of the commercial product is the root
and it is best to distil the oil when the sap is not
rising. Safrol (0jxHx)0 2) constitutes about 80 per cent
of the oil and thus is responsible for the greater
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part of the odor perceived, pinene and phellandrene,
10.0 per cent; camphor 6.8 per cent; eugenol 0.5 per
cent, and 2.7 per cent of the high "boiling portions,
sesquiterpenes, and residues are also present.
The oil is nearly colorless to pale yellow in its
purest form, becoming darker yellow to red in tine. It
is pungent, possesses a characteristic aromatic odor,
and has a warm, aromatic taste. The specific gravity
varies from 1.070 to 1.082 and the oil is soluble in
95 per cent alcohol, chloroform, ether, carbon disulfide
and glacial acetic acid. It is useful in perfumery,
flavoring and medicine.
A yield of about one per cent of an essential oil
is obtained from the root wood, 6 to 9 per cent from the
root bark, but only 0.3 per cent from the leaves. An
analysis of the leaf oil, which differs materially from
that of the roots, reveals the presence of a pinene,
myrcene, phellandrene, citral, linalool, geraniol, a
paraffin hydrocarbon, and a sesquiterpene. The linalool
and geraniol are found as acetic and valerianic esters,
besides occurring in a free state. The odor is very
pleasant, somewhat resembling that of lemons, doubtless
due to the citral present.
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Clove oil which also proved to he quite attractive
to the Japanese "beetle, is distilled from an evergreen
plant, Eugenia caryophyllata (Thunh.) The flower
stalks of this plant yield from 6 to 7 per cent oil
whereas 12 to 18 per cent oil is obtained by a dis-
tillation of the unopened flower buds. Clove leaves
give from 4 to 5 per cent oil. The oil is pale yellow
but darkens with age or exposure, and has a strong
aromatic odor and a pungent, spicy taste.
Eugenol, the main constituent of clove oil, is
present in quantities of 78 to 98 per cent. Other
chemicals extracted in small amounts from clove include
caryophyllene, vanillin, aceto-eugenol, eugenol ethers,
salicylic acid, methyl he nzoate , methyl-amyl carbinol,
methyl-heptyl carhinol, benzyl alcohol, amyl-methyl
ketone, heptyl-me thyl ketone, and dimethyl furfurol.
Although most of the eugenol is used in the manufacture
of vanillin, it is also useful as a medicine and in
perfumery.
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Table 8. Number of "beetles collected from
"baits containing constituents of essential oils. (1925)
Material Series
Per cent
concen-
tration
Total no.
"beetles
collected
Daily
average
Ethyl alcohol 4 2.85 671 61.0
Geraniol 5 0.28 847 60.5
Eugenol 2 0.57 288 20.6
Ethyl acetate 9 0.57 137 11.4
Iso-Eugenol 6 0.28 60 10.0
Iso-amy 1-va le rate 1 5.71 64 4.3
i/ipti p anidw X V* CluXU 7 0.28 20 4.0
Amyl acetate 9 0.57 16 1.3
Linalyl acetate 7 0.28 5 1.0
Methyl hutyrate 9 0.57 11 0.9
Safrol 7 0.28 4 0.8
Methyl salicylate 10 0.57 5 0.5
Iso-safrol 12 0.57 3 0.4
Table 9 number of beetles collected from
baits containing constituents of
essential oils.
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(1924)
Series
per cent
concen-
tration
Total No,
of beetles
collected
Hour xy
average
/ip^cn iol (standard)
-12.8% 6 5.00 10,071
J.UO . «J
n 10 5.00 9 ,878
J-U J- . «J
it
»
ii « 4 5.00
5,652
5,806
59.5
50.0
n « 2 2.50 3, 179
48 C
ii
« 4 2.50
r- one
5 , 21o 45 0
ii
" 4 0.25 2,679
23.0
Citronellal
Citral
it
8
2
2
1,00
0.50
2.50
1,214
1,034
1,009
18.5
16.5
16.5
it 7 0,50
764 14.5
Eugenol 4
0,25 1,562 13.5
aeraniol (Standard)
72.8?$
Eugenol
Citronellol
Geraniol (Standard)
72.8$
2 0.25 687
11.0
4 0.50 1,214
10,5
8 1.00
620 9.5
9 5.00
272 8.5
7 0.25
422 8.0
36.
Table 9. continued
Material series
per cent
Concen-
tration
Total no.
of "beetles
collected
Hourly
averagi
=—_
Eugenol <c 0.25 411 6.5
Geranioj. \ o od-nucu. u j
12.8% 9 5 00 167 6.0•
Eugenol 4 1.00 350 3.0
N 8 0.50 121 2.0
it 2 0.50 118 2.0
ti 9 0.25 39 2.0
Citronellal 9 1.00• 40 1.5
Citral 3 97 1.5
Citrone llol 9 t on 35 1.0
pinene 2 p ro 35 0.5
Safrol 2 0 .50 33 0.5
it 3 0 .50 31 0.5
it 2 0 .25 21 0.4
3 A OR0 ,<cO 17 0.3
Citronellal 9 0.50 10 0.3
I so-amy1-va le rate 8 5.00
21 0.3
Linalool 2 2.50 19 0.3
Ethyl alcohol [95%) 2 2.50 15 0.2
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Table 9. - continued
Material Se ries
per cent
concen-
tration
Total no,
of beetles
collected
Hourly
average
Lina lool 3 2.50 14 0.2
Citral 3 0.50 11 0.2
pinene 3 2.50 4 0.0
Ethyl alcohol (95$) 2 5.00 4 0.0
Linalyl acetate 8 1.00 6 0.0
Acetic acid 8 0.50 3 0.0
pinene % 0 .50 0 0.0
M 2 0.50 0 0.0
Linalyl acetate c.p. 8 1.00 2
0.0
Citral 9 0.50 1
0.0
Phellandrene 3 0.50 1
0.0
n 2 0.50 1 o.o
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Table 10. number of beetles collected from
fcaits containing constituents of essential
oils (1925)
»r„+ Q -rH Q i Series
per cent
concen/
trat ion
Total no.
of beetles
collected
Hourly
average
Geraniol "S" (55#) 8 (a) 5.00 2,583 35.4
Geraniol pure (85$) 9 0.50 2,016 32.1
Geraniol »S H (55$) 8 5.00 2,719 24.3
Geraniol Technical{mM) 4 5.00 2, UOo
Eugenol 8 0.25 2, 4<£±
PI 6
Geraniol pure (83$) 7 2, 110
18.9
ii « « 11 5.00 1,144 18.8
ii n » 4 5.00 1,559 18.3
Geraniol »S" (55$) 1 5.00 911
16.0
Geraniol pure (83$) 8 5.00 1,784
15.9
« (74#) 1 5.00 868
15.2
Geraniol Technical
(58.8$) 8 5.00 1,495
13.4
Citronellal 9 1.00
823 13.3
Geraniol^ndard
^ ^QQ 1>()87
12
.
8
Ethyl alcohol (95$) 3 10.00
701. 11.1
Geraniol absolute 594 10 .4
(88$) 1 ° ,UJ
4 5.00 802 9.4
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Table 10. - continued
Material
Per cent Total no.
concen- of beetles Hourly
gp.rlea tration collected average
q o 50 579 9.3Citronellal 9 Q.DU
Geraniol absolute
@ ^qq Q52 7#6
Geraniol^echnical
^ ^ ^ Q 6#7
1 5.00 375
6.6
Linalyl acetate
1 10.00
3 1.00
Acetic acid
•i «
ii <•
Limonene
Citral
3 0.50
3 1.00
3 0.25
9 1.00
9 0.50
369 6.5
178 2.S
Geraniol Standard^
^ ^QQ n6 2 .1
118 1.9
111 1 »Q
28 0.4
19 0.4
1 0.0
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Table 11. Number of beetles collected from
baits oontaining constituents of essential oils, (1926)
Material ies
per cent
concen-
tration
1 O Oct X 11 U .
of beetles
CO -Lie U uc U
Hourly
d v v x o_
6 5.00 8,018 65.2
7 5.00 6,904 60.5
7 0.25 6,125 53.7
5 5.00 42 9
7 0.25 4, 4DU 1
6 5.00
"^6 9
5 5.00 4,009 32.6
6 5.00 3,998 32.5
6 5.00 3,823 31.1
5 5.00 3,818 31.0
6 5.00 3,706
5 5.00 3,308
26.9
5 5.00 2,999 24.3
5 5.00 2,898
23.6
5 5.00 2,852
23.2
6 5.00 2,848
23.2
Geraniol for soaps
{95%)
Geraniol acetate
Eugenol (Fritzsche)
Geraniol for soaps
(95^)
Eugenol (Eastman)
Geraniol pure (83^)
Geraniol »S" (55^)
it "
Gerallol (5.0^)
Geraniol pure (83^)
ii « (74^)
It M
Geraniol absolute (88$)
Geraniol technical
(58.8$)
Gerallol
Geraniol technical
(58.8$)
ii
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Table 11. - continued
Per cent Total no.
concen- of "beetles Hourly
Material series tration collected average
Geraniol absolute [88%) 6 5.00 2,571 20.9
Eugenol methyl ether 7 0.25 1,043 9.2
Geraniol for soaps
{95%) 2 5.00 186 4.5
Geranyl acetate 3 5.00 185 3.5
Acetic acid 8 0.50 352 3.3
Gerallol 2 5.00 96 2.3
Geraniol pure {8Z%) 2 5.00 70 1.7
Acetic acid 8 2.50 138 1.3
Geraniol pure [14%) 2 5.00 55 1.3
Acetic acid 8 5.00 126 1.2
Iso-eugenol 7 0.25 127 1.1
Geraniol «S» [55%) 2 5.00 37 0.9
Geraniol technical _
{58.8%\ 2 5.00 34 0.8
Geraniol for soap {95%) 1 5.00 34 0.8
Acetic acid 8 10.00 81 0.8
Gerallol 1 5.00 25 0.6
Geraniol pure [63%) 1 5.00 21 0.5
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Table 11. - continued
per cent Total no.
concen- of beetles nourly
material series tration collecte d average
Eugenol (Eastman) 3 0.25 21 0.4
Geraniol absolute
(88#) 2 5.00 15 0.4
Eugenol (Eritzsche) 3 0.25 12 0.3
Geraniol pure (74#) 1 5.00 8 0.2
Geraniol "S» (55#) 1 5.00 5 0.2
Geraniol technical
158.8^) 1 5.00 4 0.1
Geraniol absolute 1 5.00 2 0.0
Acetic acid 4 0.50 1 0.0
3 0.25 1 0.0
4 2.50 0 0.0
4 5.00 0 0.0
„ it 4 10JD0 0 0.0
Eugenol methyl ether 3 0.25 0
Iso-eugenol
Acetic acid
it n
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The experiments of 1923 showed that ethyl alcohol,
geraniol, eugenol, ethyl acetate and iso-eugenol were
the most attractive, and in the order named (Table 8).
These oils and chemicals were retested in 1924
and proved to he exceedingly attractive (Table 9).
The following outline gives the sources of the other
materials considered:
1. constituents of plants upon which the Japanese
beetle feeds to an appreciable extent:
(a) Essential oils and their constituents.
1. Materials from manufacturers.
2. Materials obtained by steam
distillation.
3. Materials extracted by benzene.
(b) Chemicals present other than those in the
oils.
(c) Various fruits, their pulp and juices.
2. products of organic decomposition.
3. chemicals, which have proved attractive
to other
insects.
4. chemicals, which appeared attractive
as a re-
sult of testing them for re pe Hence in
respect to the
Japanese beetle.
5. oex odors.
44.
6. Miscellaneous alcohols.
7. Sugars.
8. chemicals from miscellaneous sources.
The most important constituents of the sassafras
oils and those chemicals which were immediately avail-
able, included geraniol, citral, linalol, phellandrene
,
eugenol, safrol, and pinene . These were tested at the
same time in the two experimental orchards and a
general
idea of their relative values can be obtained by a
study
of table 9.
Summaries of the number of times that any of these
chemicals attained first place in the number of
beetles
collected from all the bait cans of each material
at
each collection hour were made. In an
experiment con-
ducted in Andrews' orchard, geraniol b.O, 2.5,
0.25,
eugenol 0.25, and 0.5 per cent were first 36,
30, 8, 11
and 4 times respectively out of a total
of 92 collections
made during a period of sixteen selected
days. Geraniol
2.5 per cent was first 41 times
out of a possible 51
times during a period of ten selected
days of a similar
experiment conducted in Leeds' orchard.
Geraniol 5.0
per cent was not included in the latter
experiment.
Geraniol and eugenol thus proved to be noticeably
attrac-
45.
five, eltrolellal and citronellol,
constituents of
citronella oil, the main souree of
geraniol production.
„ere also high in attractive
qualities.
The value of these chemicals,
with the exception
of geraniol, wiU not he discussed any
further in this
paper since they have already
heen treated in a previous
paper (Richmond, 1927). The
different grades of geraniol
and combinations of attractive
materials will he consid-
ered in Chapter VI.
Tahles 10 and 11 list the
chemicaXs tested in 1925
the conclusions relative
to the attractive agents
of
1924 Geranyl acetate
and gerallol were the only
chem-
icals tested that showed
exceptional vaiue a, attrahents.
VI. GERANIOL
{a ) source
^aniol and itsesters were discovered
in 1871 hy
n* Turkish geranium oil.
Since
jacohsen in Pa3marosa or n g
v,Q * -been noted in many
essential
then their presence
has hee
oils the most important
of which are tfce oils
of
linger grass, sassafras,
citronella grass, lemon
grass, g g
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rose, ylangylang, Canada snake root, nutmeg, eucalyptus,
acacia, verbena, lavender, laurel, coriander, kuromoji,
champaca, neroli, petitgrain, and lignaloe. In 1922
Power and chestnut showed that geraniol was one of the
constituents of apple.
The principal commercial source of geraniol is
citronella oil which is obtained from two varieties of
citronella grass, C.vmbopogon nardus Rendle, var.
Mahapengiri and C. nardus Rendle, var. Lenabatu . The
latter is planted principally in Ceylon
while the
former variety produces the Java citronella
oil.
in addition to 35 to 40 per cent
geraniol, Java
citronella oil contains 35 to 45 per cent
citronellal.
Other ingredients of little importance
are certain
terpenes, sesquiterpenes and methyl
eugenol. Ceylon
citronella consists of 30 to 40 per
cent geraniol, but
since its citronellal content is
only 10 to 15 per cent,
the superiority of Java citronella
grass is evident.
The citronella grass is called
"fragrant grass" in
Java. It has fairly broad,
long blades and under favor-
*le conditions, such as lots of sun,
abundant rain-
fall and fertile soil,
attains a height of four feet
or
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more. One year old clumps are used for
propagation and
thdse are torn apart and the components set out.
The
grass is cut several times during the growing
season
dependent upon its rapidity of growth. Every four
years
the settings must he renewed.
The crop, after being cut, is tied together in
bundles, transported to the factory, and
usually passed
through a cutting machine in preparation for
distillation
with steam under pressure. The oil floats
on the watery
distillate and is drawn off b> means of
stop cocks or is
skimmed. After filtration the m is poured into gal-
vanized iron drums which contain about 350
kilos, and
it is then ready for shipment.
(b ) Imports and Price
in 1925, the total shipment of
Java citronella oil
was 927,000 kilos. France led
all countries in the
importation of this oil with 302,000
kilos, and the
United States was second with 267,000.
During the same
year 1 407,800 lbs. were shipped
from Ceylon, about
635 ,000 lbs. coming to the
State* and 323,446 to the
United
Kingdom.
Java citronella is a more
expensive oil tnan Ceylon
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citronella. on page 19, volume 19, part 1, of the
Perfumery and Essential Oil Record, a chart is given
showing the course in the last six years of the London
spot prices for the two citronella oils. The peak of
prices for Java citronella was reached in December,
1924 when over 6 shillings per pound was quoted. The
highest price paid for Ceylon citronella was about
4 shillings during the winter of 1923-1924, The prices
of "both oils have gradually receded since 1924 and
shipment has materially increased. Approximately 1938
tons of citronella were shipped in 1927. Ceylon citronella
for January, 1928 was IS. 4| d. to IS. 5 d. per lb. in
drums and java was 1 S. H d. to 1 S. 8 d. Geraniol from
Java citronella brought from 5 S. to 10 S. per lb. for
the same month, depending upon the faction. The retail
prices for geraniol in American markets vary from $1.25
to $8.00 per lb.
(c) Chemical constitution and physical Properties
Geraniol (C10Hi7 0H) is an unsaturated
alcohol belong-
ing to a class of compounds known as terpenes.
It has
its derivation from the higher hydrocarbons of
the
ethylene series and its structural formula,
which
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follows, shows that it is isomeric with linalol and
nerol, CH,-C - CH-CH2-CH2-C = CH-CH^OH (3-6 dime thy
1-
CH5 GH 3
ootadiene 2-6-ol-8V. . Purified geraniol is a color-
less, oily liquid and possesses a delicate rose-like
aroma. Oxidation, however, materially affects this
odor by imparting to it a lemon-like odor. This is
reporteo to be due to the formation of citral. The
physical properties of geraniol are as follows;
Specific gravity 0.880-0.883; optical rotation,
0°;
refractive index, 1.4766-1.4786; boiling point,
228°-
230°; melting point, -15° C.
(d) Quality
The grades and even the batches of
geraniol vary
in composition according to the
different sources of
supply just as it has been shown that essential
oils
vary even though they bear identical
names on their
labels. Such differences may be due
to wilful adul-
teration or to improper or xncomplete
distillation.
The term -total geraniol",
which includes the other
alcohols and aldehydes in addition
to the geraniol
present in the citronella oil, is
also a misleading
term.
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It is thus only natural that the prices of geraniol
products are often juggled and range from about $1.25 to
$8.00. In general, however, it may he said that the
purer grades are proportionately more expensive than
the lower, hut the geraniol content, as quoted by the
manufacturer, is very apt to be deceptive. Through the
courtesy of Dr. Martin Szamatolski of Delawanna, Few
jersey, the per cent geraniol present in the grades,
which were used in the experiments discussed in
this
paper, were obtained:
Spec. Grav. Soluble Opt.
at 15 G. in alcohol Rot. Geraniol %
Geraniol absolute, 88^
(Morana) 0 .8850
" standard 72.8^
(Chiris) 0.8889
» for soaps 95^
(Fritzsche) 0.8950
ii pure 74^ (Morana) 0.8975
n 82>f0
" 0.89,93
technical 58.8^
(Moranaj O.tfyew
ii s 55^ feforana) 0.9072
2.5/65 + 2° 39' 84.82
3/65 +2° 39' 81.60
2/65 -2° 30' 78.10
4/65 + 2° 12' 76.00
3/65 +3° 3« 76.65
1/80 -150 3' 52,90
1/90 -10° 15
«
47.50
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Until Dr. Szamatolski »s analyses of these geraniols,
it had "been impossible to properly analyze the results
on the "basis of actual geraniol present. Even now with
such knowledge it is a question as to what other chem-
icals are present in the different grades. As is well
known, it is advisable if possible to use commercially
pure chemicals in such experimentation but it has been
practically impossible to obtain accurate determinations
of the geraniols. It was thus necessary to use
geraniols
of somewhat unknown constitution. Recently a 98.8
per
cent grade of geraniol was located and the problem can
now be more properly investigated.
A so-called synthetic geraniol, namely
gerallol,
is now on the market and is a combination of
geraniol
and citronellol. By a patented process
citronellal,
which is used as one of the bases of gerallol,
is con-
verted to citronellol during its manufacture.
(e) Industrial Uses
in industry geraniol is important for
its use in
perfumes, creams, soaps, and soap powders.
It is often
used in compounding artificial perfumes.
The scent of
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some tobaccos is due to geraniol, and candy manufactur-
ers use it for flavoring. Geraniol from citronella
oil is considered the "best geraniol for scenting soaps.
According to Lewisohn 1924 "Java citronella oil
is worked chiefly for its geraniol hut this can only
he produced economically if the citronellal obtained
at the same time is further worked up for d-citronellol-
.
The sesquiterpenes are also valuable for their fixative
properties.
^f) Experimental Results
It has been appreciated for many years that the
amount of concentration of attractive material in
bait carriers bears a definite relationship to
its
degree of attractiveness. A general idea of
the
attractive lir,its of many oils and chemicals was
ob-
tained from the experiments of 1922 and 1923.
In 1922 little attention was paid to
the concen-
trations of the attractive substances, used
in the
different sprays, since only indications
of their
attractive value was desired. However,
it was later
revealed that certain oils and chemicals,
repellent at
certain concentrations, were attractive at
other con-
centrations. For example, such proved to be the case
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with clove oil and its principal constituent eugenol,
which are attractive only at the lower percentages.
The concentrations in 1923 varied, from 1 drop to
5.7 per cent and the tests of that year laid the
foundation for the future. The different amounts of
geraniol tested were 1 drop, 0.2 c.c., 0.3 c.c.,
0.5 c.c., 1.0 c.c., or 3.0 c.c., for each 175 grams of
bait. The 0.5 c.c., or 0.28 per cent concentration
gave the best returns for 1923, All other concentra-
tions were apparently inferior although not enough
attention was devoted to this phase of tne subject to
make the results conclusive. Unfavorable weatner con-
ditions interfered with the tests or tne location of
the bait can was not satisfactory, evidently the tests
were not conducted on a competitive basis.
in 1924, as has already been demonstrated, definite
comparative tests were conducted and 0.25 per cent, 2.5
. per cent, o.O per cent, and 10.0 per cent concentrations
of geraniol were used. The results of tnat year are
given in table so. 12 and give more reliable
information
regarding the different strengths tnan previously ob-
tained.
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Geranioi Known as "standard 72.8 per cent"
was usea
in all of the 1924 tests. Table
12 shows that geranioi
of a 5 per cent strength was the
most attractive during
the entire test of any chemical.
When tested over a
period of 13 selected days in
competition with other con-
centrations the 10 per cent gave the
best total.
If the average of all the 5
per cent geranioi tests
is taken the figure of 5239
beetles is ohtained. This
figure is slightly less than the
5652 beetles caught
during the single test of the 10
per cent geranioi. On
the other hand, if one
places ail collections on a per-
centage hasis the 2.5 per cent
geranioi is in the lead,
but unless the cost of geranioi
is prohibitive an in-
cre ase in the amount of
geranioi used is not to be con-
sidered unwise.
Based on telly records the
ooourrenoe of beetles
appears at the bait oans showed
the attendance for 10
per sent geraniol to he 100
per ce„t : for 2.5
per sent
eeraniol. 97 per cent; for 5.0
per sent geranioi. 90
per eent; and for 0.25
per sent geraniol. 76
per sent
efficient.
AS seen by reference
to Table 13. 5 per cent
ger-
56.
aniol leads both 2.5 per cent and 0.25 per cent geraniol
in the number of times it ranked first in the numbers
of beetles attracted. Eugenol of a 0.25 per cent
strength (not listed in this table) ranked next to the
geraniols. Twelve firsts and 4 firsts were attained
for the 5 can and 1 can tests, respectively, in series
4, and 8 firsts and 5 firsts, respectively, in series 2.
Bait No. 1 was used in all of the tests listed in
this table,
(g) Re lation of the Size of Collection
to Climatological Factors
Anyone, who has observed the adult beetle in its
native haunts, can not fail to be impressed by the fact
that warmth of sunshine, or in other words temperature,
is a vital factor in its activities. Parker, 1924,
aptly described the effect of meteorological factors
upon the clear winged grasshopper (Camnula joellucida
Scudder). Smith, 1926, briefly described such influ-
ences on the Japanese beetle.
The daily routine of an adult beetle is
materially
moulded by temperature (see charts 1 and 3 ) .
Individuals,
which leave the fruit or foliage of trees as
night draws
nigh, can be seen the next morning crawling forth from
the shrubs, herbs, and grasses, as well as from the
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soil, just when the sun's rays filtering through the
vegetation warm their bodies.
In general the beetles prefer to feed in the sun
hut not always. Their custom of feeding on the outer
and upper foliage of trees first and then of ?/orking
down and inwardly tends to show their desire to he
in the path of the sun's rays. The beetles' sphere of
activity widens in direct proportion to increasing day-
light provided there are no adverse factors such as
chilly v;inds or excessive moisture to modify the heat
of the sun. Increased activity continues until the
middle of the afternoon when the reverse is true and
the beetles descend to the lower plants. On especially
warm nights the feeding beetles are apt to remain on
the foods where they have spent the day but, when cool
winds or excessive dampness prevail, the orchard trees
or other food plants are practically devoid of beetles.
Beetles first appear at baits at about nine o'clock
in the morning and continue to be present until about
four in the afternoon. On certain occasions, when they
are particularly active, little attention is paid to
the baits and they fly wildly through the air in an
apparently haphazard manner. It has been noticed
59.
that the vapor pressure is unusually high at such tin.es
a.nd it may be an imxjortant factor in such activity.
Seasonal variation in beetle activity may be compared
in a way with the daily routine. The activity in the
early season corresponds in general with that of early
morning, mid-season with mid-day and late in the season
with the waning day.
Much of this knowledge has been recognized for
many years but very little data has been published re-
lative to the effects of temperature, humidity, and
vapor pressure upon this insect. Moore and Cole, 1921,
reported that the optimum activity of the beetle occurred
between 38° C. and 39° C.; that they became inactive at
23° C.; and that activity ceased quickly and permanently
at 45° C.
In connection with these studies no direct tests
have been conducted for the benefit of explaining the
influences exerted by these factors but important facts
have been noted, as has already been mentioned in
bection II, temperature readings were made at the time
of all collections. The relative humidities were also
recorded and, as a result of certain variations in the
correlation of the temperature and humidity with the
60.
collections, the vapor pressure has also been taken in-
to consideration, when tests are conducted in the same
localities and at the same time, environmental factors,
"being more or less common in all tests of a given series,
can be practically ignored, but when tests between series
are to "be compared certain allowances must necessarily
"be made
.
It is thus reoognized that there are many factors
governing the number of "beetles attracted to the baits.
Of these factors probably one of the most important vari-
ations is due to the fact that the beetle is a strong
flier. The degree of infestation is constantly changing
and as a result the beetles are never evenly distributed
over a given area. Beetles attract beetles and nence one
orchard may be teeming with beetles whereas the neighbor-
ing orchard may be practically empty, ihe favorite food
plants in a certain locality may have an important bear-
ing since it is much easier to lure beetles from non-
favorite plants than from such attractive foods as sassa-
fras, smartweed, or mellow fruits. The degree of infesta-
tion of soil by the grub must also be considered. Such
factors as feeding habits and the rise and fall of the
number of beetles during the day have previously been
mentioned.
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Charts 1-4 inclusive are designed to show graphi-
cally the number of beetles collected in relation to
temperature and humidity. Charts 1 and 3 are based on
hourly collection records whereas charts 2 and 4 are
based on daily records. The temperatures and humidities
are the averages for the hour or day (6 collection
hours) as the case may be except in chart 3 where the
temperatures and humidities at the time of collections
are given. Table 15 permits a comparison of the temper-
atures and humidities with different grades of geraniol.
An examination of the graphs will bring out the im-
portant bearing which temperature and humidity have on
the number of beetles attracted. In general it may be
stated that, within certain limits, a high temperature
combined with a low humidity is the most satisfactory
condition. However this statement is not always true.
For example, on August 6 and 7 (1924), when conditions
for attraction were apparently favorable, very few
beetles were drawn in. It is worth while stating that
the vapor pressure of .838 was unusually high on these
two days. Chart 4 (1925) is included in this paper
"because of the fact that it substantiates the results
of 1924, which are plotted on chart 2.
Correlations between temperature and number of
heetles collected, between temperature and humidity,
and between humidity and number of beetles collected
were made from the figures of eighteen selected days
of 1924. (Same test as chart 2.) The temperatures at
which heetles were collected ranged from 72° to 104°
Fahr,, but the most satisfactory range was from 80°
to 97° Fahr., when a smoothed out curve gave over 50
beetles as the average collection for each, temperature
degree. The collection from 87° to 97° Fahr, was en-
tirely over 50 beetles with the exception of one drop
to 44 heetles at 93° Fahr, 94° Fahr, gave the maximum
of beetle collections which was 119 beetles for a 5
per cent geraniol and 156 beetles for all geraniols.
Beetles were collected during re]ative humidities
ranging from a 42 per cent relative humidity to a 91
per cent but the most desirable range was from 47 per
cent to- 75 per cent inclusive. At least ten beetles were
collected at all points in this range, and, if the
curve were smoothed off, the least number of beetles
collected for any degree of temperature would be twenty.
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Forty-seven per cent humidity was the maximum point of
the curve. There was a gradual decline in the 101
beetles collected at 47 per cent to none at 83 per cent
but if the curve were smoothed out the lowest point
would he 93 per cent. A noticeable depression occurred
between 55 and 57 per cent relative humidity. The
greatest difference in relative humidity and temperature,
recorded at any one hour, occurred at 3*30 P.M. on
August 6, 1924 when the relative humidity was 50 per
cent and the temperature 104° Fahr.
(h) Relation of Size of Collections to
the Concentration of Geraniol *
(See charts 1-4 inclusive)
10 Per cent Geraniol
An experiment using the five can method was
conduct-
ed. Each can contained 90 grams of bait carrier No.
1
and 10 e.e. of geraniol. The geraniol used in
this ex-
periment is known as the standard grade and according
to the manufacturer contained 72.8 per cent
pure geraniol,
Observations were made during the period July 30
to
August 15, 1924 inclusive. On account of
rains and
it should be stated that this chapter (h) was worked
over jointly with L. dmith, Entomologist in charge
of the Japanese Beetle Laboratory, U.S.D.A. and thus
should not be considered as entirely original.
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certain human errors July 31, August 2, 3, and 10 are
not considered in the data presented. The total collect-
ion of beetles for the entire period from the 5 cans was
5409. The regular six hourly collections were made.
The total collections for each hour of collection were
as follows: At 9 o'clock in the morning 737 beetles;
10 o'clock, 953; 11 o'clock, 1192; 12; 30 o'clock in
the afternoon 1226; 1*50 o'clock, 840; 2: 30 o'clock, 4G1.
The mean collection on all bait cans at any one obser-
vation was 69.33, ±8.03. The standard deviation from
the mean was 105.12, 15.66, indicating the great varia-
tion which occurred with respect to the number of
beetles taken at any single collection. The largest
number of beetles collected from all the cans at any
single collection hour was 299, this collection
being
made at 9o' clock in the morning of August 9. The
lowest collection was made on August 12, on which
day
not a single beetle was taken from any of
the cans.
On July 30, the first day the bait cans
were placed
in the field, 253 beetles were collected
during the
day. The 9 o'clock collection was relatively
small,
which can be partially explained by the fact
that at
65.
this time -the humidity was approximately 70 per cent,
with a temperature of 85° , a condition which has been
found to retard the activity on the part of the adult
beetle. The humidity dropped rapidly to 47 per cent at
2-.30 o'clock in the afternoon, while the temperature
in-
creased to 99° Fahr. There was not, however, a
corres-
ponding increase in the number of beetles taken and the
collections on that day decreased from 90 beetles
collected at 11 o'clock in the morning to 19 at
2- 30
o'clock in the afternoon.
Rain during the night of July 31, resulted in
ex-
tremely high humidity, from 76 to 80 per
cent during
the morning of August 1; the temperature
varied between
72° and 80° Fahr. and resulted in no beetles
being
collected until the afternoon. Only 4
were collected
at 1:30 o'clock and 8 at 2 : 30, a
total of 12 for the
entire day. The conditions of humidity
and temperature
on August 4 were much more favorable
to beetle activity,
with a result that 362 beetles were
then collected. The
early collection at 9 o'clock resulted
in 7 beetles,
but larger collections from 11
o'clock until 12 : 30
o'clock in the afternoon increased
the total.
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During the forenoon of August 5, the humidity reached
89 per cent but dropped off rapidly to 66 per cent "by
noon. The temperature at the time of the first morning
collection was 77° Fahr. and increased throughout the
day to 930 at 2:30 P.M. as a result, the morning
collections were relatively small hut increased and the
mid- day collections were relatively large. The result
of the day's collection was 263 beetles.
On August 6 and 7 the humidity was relatively low
and the temperature at the time of collection varied
between 87° and 105° ?ahr. usually auch should indi-
cate considerable activity of the beetles, but in this
case the result was relatively small collections of 232
and 245 respectively. It is believed that factors
other than temperature and humidity influenced the
activity on these particular days to an extent which
offset the favorable conditions of temperature and
humid-
ity which prevailed.
On August 8 and 9 the temperature varied
between
85° and 102° jj-ahr. while the humidity was below 74
throughout the period, collections of 961 and
949
beetles were made on August 8 and 9 respectively, un
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the morning of the 8th the temperature dropped to 85°
jj-ahr. at which time 69 beetles were collected. The
collections thereafter, however, were more or less uni-
form until noon of August 9 when they dropped rather
gradually during the afternoon. The largest collection
of a single day in this experiment was made on August
11 when the temperature varied between 80 and 91 degrees
and the humidity between 50 and 64 per cent. While the
temperature on August 11 was not extremely high, it is
probable that inclement weather on the previous day
resulted in greater feeding activity on the 11th. A
total of 1400 beetles were collected, collections being
quite uniform from 9 o'clock in the morning until 1; 50
in the afternoon. The 2:30 p. M. collection, however,
decreased considerably as compared with those earlier
in the day. This, undoubtedly, was due to a rapid
increase in the humidity which took place during the
afternoon.
On August 12, owing to rain and very low tempera-
ture, not a beetle was taken at any of the baits.
On the 13th, 14th, and 15th, total collections were
taken of 161, 249, and 322 beet les respectively. The
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temperatures varied between 75° and 87° and the humidity
between 42 and 76 per cent. It is probable by this time
the geraniol was sufficiently dissipated that its effect-
iveness was not as great as during some of the earlier
days of collections.
Another test of geraniol 10.0 per cent was made in
1925, but geraniol technical was used in place of ger-
aniol standard. On account of poor weather conditions
a lower mean collection resulted. Table 14, however,
shows that the coefficient of variability approximated
that of the 1924 series.
5 Per cent Geraniol
(See Chart 2)
A series of 5 cans, each containing 95 grams of bait
carrier and 5 c.c. of geraniol, standard grade {12.8%
pure geraniol), were tested during the period July 24 to
August 15 inclusive. This includes the days on which
the 10% geraniol test was conducted, and July 24, 25,
28, and 29 in addition. A total of 5197 beetles were
collected during the entire period from all the bait
cans. Eight hundred and forty-nine beetles, the larg-
est number obtained on any single day, were collected
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from all the cans on August 8. The largest number of
"beetles collected at any one collection period was 312.
This collection was made at 12: 30 o'clock noon on July
24, the first day the cans were placed in the field.
The mean collection for all bait cans at any collection
hour was 50.97 beetles, 1 3.83. The standard deviation
was 57.45, 12.71.
It is interesting to note the large collections
which were obtained during the early part of the test
where the b% geraniol was used. It has been the gener-
al observation that when \Q>% geraniol was used in the
baits, the odor is sufficiently strong to repel the
beetles for a limited period after the baits are put in
the field. When the geraniol has dissipated sufficiently
the odor becomes weakened and they will actually feed on
the bait. A large series of tests indicated that a con-
centration of the geraniol which results in immediate
attraction is in the vicinity of 5 c.c. of the standard
geraniol (72.8^ pure) to each 95 grams of the carrier.
The first day (July 24) on which the baits were placed
in the field was extremely favorable for beetle
activity.
The mean temperature for the day was 93° Fahr.
and the
average humidity was 54 per cent. A total of 566 beetles
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was collected from the 5 "bait cans during the day.
Only 21 beetles were collected on July 25 on
account of the rains which occurred during the night
and early morning.
On July 28 and 29 the mean temperature at the time
of collection was 88° Fahr. on both days, while the
average humidity was 56 per cent on July 28 and 57 per
cent on July 29. Both days were favorable for beetle
activity and 259 and 332 beetles were taken respective-
ly.
The 30th, while somewhat v/armer than either of
the previous days, had a relatively high humidity early
in the morning and again late in the afternoon; a total
of 235 "beetles were collected from all of the cans.
On August 1, 13 beetles were taken. As indicated
under discussion of the 10 per cent geraniol series,
the size of the collections on this day were reduced
by the high humidity.
With the exception of August 12, when no beetles
were collected, and August 6 and 7, when relatively
small collections were mad.,, the daily collections
from August 4 to August 15 were relatively
uniform,
August 8 being the most favorable day from the stand-
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point of the number of beetles taken at the baits. It
will be noted that the conditions, as indicated by the
number of beetles collected, correspond closely to the
results obtained in the series where 10 per cent geraniol
was used.
2-g- per cent Geraniol
Five cans, each containing 97.5 grams of bait
carrier and 2.5 c.c. of geraniol, were tested during
the period July 24 to August 15 inclusive and the
data collected on the same days as the series in which
5 per cent geraniol was used. As with the other series
the standard grade, containing 72 per cent of geraniol
was employed. It will be noted from the results as
presented, that 4633 beetles were collected during the
entire period from all cans. The highest collection
for any day was taken on August 8, when 827 beetles
were collected. The largest hourly collection was 287,
which was the 12:30 collection on July 28. As with
the other series, the 12 : 30 collection for the entire
period was the largest. The mean collection on b cans
for each observation was 48.55, 13.87 beetles. The
standard deviation from the mean was 57.90, t 12.72.
The results of this series of observations follows
72.
very closely those obtained in the series in which 5
and 10 per cent geraniol were used.
The collections on the first day amounted to 325
indicating the favorable weather conditions which pre-
vailed. On July 25 only 35 beetles were taken.
July 28, a day previously shown to be very favor-
able for the activity of the beetles, resulted in a
collection of 646 beetles.
On August 12 no beetles were collected. The last
three days, namely August 13, 14, and 15, resulted in
very small collections, this probably being due to
only fair weather conditions and also possibly to the
reduction in the strength of the attractive odor.
{ of 1 per cent Geraniol
A series of cans each containing 0.25 c,c. of geran-
iol and 99.75 grams of bait carrier were tested at the
same time as the previous series from July 24 to August -
15. The largest number of beetles collected on any day
was 599 on August 8. The largest number collected at any
collection period was 198, This was recorded at 9 o'clock-
in the morning on August 11.
The mean collection from the entire series of 5
73.
cans at any one collection period was 23.13, +2.95.
The standard deviation was 44.17, ±2.09. The greater
variability in the number of beetles collected at any
one time is evident and the small numbers, which were
collected at so many of the cans, make the results some-
what confusing when they are compared with the pre-
vious percentages. These baits, however, follow the
same trend as the series where the more concentrated
baits were used.
Summary of Statistical Data
Table 14 summarizes the statistical data relative
to different geraniol concentrations. The total of the
hourly collections of beetles from all five bait cans
of a given material is considered as the unit of these
computations.
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(i) Grades and Concentrations
The composition of the different grades of geran-
iol has been previously discussed in this section (see
(a) Quality), but the mixture of geraniol with other
materials and the tests relative to both grades and
mixtures have not been considered. The practical
value of such investigations can doubtless be readily
appreciated.
It will be recalled that an attempt (see Section
IV and V) was made to determine just what constituents
caused the marked attraction of the sassafras and the
clove oils. After these constituents were isolated
the question arose as to what were the most attractive
grades of geraniol and eugenol, and whether or not the
attractive value of these alcohols could be increased
by mixing them with each other or with other chemicals.
Such a trend of thought naturally reverts to the
original problem of this study since, in mixing such
chemicals, we tend to imitate "essential oils." How
the beetle will react to the different combinations,
even though only chemicals attractive to the beetle
are
considered, can be determined only by experimentation.
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Many attempts have "been made by manufacturers to
simulate the odors of essential oils by combining
certain of their known constituents but such attempts
have not always been accompanied with success. A
similarity of odor might be attained that would fool
the human but it is a distinctly different problem to
deceive an insect. Such a case we have already seen
in the production of an imitation sassafras oil. Since
this sassafras oil is not attractive to the beetle,
it causes one to assume that it is very likely that
the main attractive agent is in part or entirely
omitted in its manufacture, or that its od©r is mask-
ed by some other constituent used in excess.
The question of the cost of materials necessarily
enters into the discussion although the expense at
current prices is so slight as to make this phase
practically neglible except on large scale operations.
The use of smaller amounts of the attractive materials,
the use of cheaper grades, and a better method of dis-
porting the bait appear to be the best leads towards
a reduction in price.
The experiments along these lines were conducted
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"by means of the bait can method, and by the use of
traps, sprays, and dusts. On account of the impossi-
bility of obtaining accurate analyses of the geraniol
grades, it was decided to consider the geraniols as
different grades, irrespective of their composition,
and not attempt to compare them on a strictly purity
"basis. The percentages given in the different tests
refer only to the number of grams used in each 100 grams
of "bait.
asS has already been stated, only geraniol { standard
72.8 per cent) was used in 1924. several kinds of
geraniol were tested in 1925. An examination of table
10 will show that a 5 per cent concentration of geraniol
"S", 55 per cent pure, gave the highest hourly average.
a comparison with the other grades in that table will
give some idea of its relative value, ueraniol "S" was
superior to geraniol, pure 74 per cent, in series so, 1;
geraniol, technical 58.8 per cent, was better than geran-
iol, 83 per cent pure, in series No. 4; and geraniol -S"
was better than geraniol, pure 83 per cent in series No.
a. xhe ranking ox the grades varied somewhat in the
different series, but, in general, it may be stated that
78.
the weakest grades apparently gave the "best attraction.
Table 15 gives in full the entire hourly collection of
the different grades for series 4 ^1925;. ihe tem-
perature and humidity figures are the average for each
day's collection.
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In 1926 (see table 11) geraniol for soaps, 95 per
cent pure, ranked first in the hourly average; geraniol
83 per cent pure, was second; and geraniol "S M , 55 per
cent pure, was a close third. Geraniol "S" is the
cheaper grade and it might he the best grade to use
except for the fact geraniol, pure (83^), appeared to
retain its attractive power over a longer period of
time
.
The combination of a 0.25 per cent geraniol and
0,5 per cent citral with an average of 25.5 beetles
per hour exceeded the hourly average of 8 beetles
for 0.25 per cent geraniol and the hourly average of
14.5 beetles for 0.5 per cent citral in 1924. The
tests during 1925 and 1926 were more extensive. Tables
16 and 17 give the results of combinations of 0.25
per cent eugenol with different grades of geraniol
when used at a concentration of 2,5 per cent.
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Table 16. Total number of beetles collected
from the
four geraniol-eugenol combinations which
Date
ranked highest. (19 25)
aeries Material
Number
Bee ties
Tn lv 7-17 1 Geraniol, pure, {74%)
Eugenol
3117
July T8 -. A.UK- 8 4
Geraniol, pure, \w/0 )
Eugenol
4117
1-26 8
Geraniol, Technical,
Eugenol (58.8^)
8062
&ug,
Aug., 1 - 26 8
Geraniol, pure,
Eugenol
5260
geraniol-eugenol combinations given in table 16
attract-
ed more beetles than any of the
materials when used alone
Technical geraniol in combination
with eugenol led the
other combinations in attraction
with a total of 8062
beetles.
Table 17. Total number of beetles
collected from the
six geraniol-eugenol combinations
which
ranked highest. (1926)
Date Series
Material
Geraniol technical,
Au^J£_r_24^
Geraniol «S M (55.0#)
___jff_ugenol .
Number
Beetles
2159
1492
Ge'rallol
1131
86.
Table 17 - continued
Da^e series Material P. Beetles
Aug 10-24 2 Geraniol, pure, (74*) 1544Eugenol
Geraniol technical, 1164
Eugenol (58,8*)
Geraniol absolute 936
Eugenol
.
—
The single can method was used in testing the
mat-
erials listed in table 17. In general the
results of
1926 conform with those of 1925 although in
series 2
geraniol, pure, (74*) slightly exceeded
geraniol
technical (58.8*) when in combination with
eugenol.
-
The comparative value of miscellaneous
materials
when combined with geraniol, pure (83*)
was tested by
the one can method. As work was
begun late in the
summer when weather conditions were
unfavorable for
attraction, very few beetles were collected.
The re-
sults from the three best combinations
and from the
check are included in table 18.
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Table 18. Total number of beetles collected from
the three highest-ranking combinations,
together with that
for the check.
Material lp^_Beetles
62
Pydridine-geraniol
Diphenyl oxide-geraniol
-i 19
Eucalyptus oil-geraniol
25
Check-geraniol
Although the pyridine-geraniol combination
gave
hetter results than did the check,
data are too limited
at the present time to permit any
definite conclusions
as to its value.
in addition to the above bait can
tests a number
of bait trap experiments were
also conducted in order
to determine the value of
certain grades and combina-
tions. Table 19 summarizes the
three principal tests.
88,
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in general it may be stated that it was definitely
proven by these trap experiments that 2.5 per cent geran-
iol, pure (83#), in combination with 0.25 per cent
eugenol
was the most satisfactory combination tested.
Ten per
cent geraniol, absolute (QQ.0%), however, was the
favor-
ed attrahent when used alone, but the above
combination
of geraniol and eugenol is to be preferred
when the
collections are figured on a one per cent basis.
Since
geraniol, technical, has been shown to excel
geraniol,
pure, when in combination with eugenol, we
must accept
2.5 per cent technical geraniol
and 0.25 per cent
eugenol as the best bait.
(.it Sex
inasmuch as it is more valuable to capture
the
female than the male, it seemed
advisable to record
the sex of the individuals appearing
at the baits.
Smith, 1923, compared the number of
females collected
hourly and half hourly during the
day from several
different food plants. According to
his results the
proportion of females to male, provea
highest between
12 noon and 2 P.M., and lowest
between 7 P.M. and
7 A. M. The first ten beetles,
which were attracted
to plants between 7 : 45 A. M. and
9 : 00 A. M. were
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examined. In all cases except with sassafras, which
attracted the sexes equally, the percentage of males
was larger. The range of percentage for females in
tests conducted over entire days (5*00 A. M. to 9;00
P.M.) was from 14 per cent to 47 per cent,
Brinley- in his tests of 1923 counted the females
and males caught at "baits and these figures are in-
corporated in table 20 together with the authors' re-
cords of 1924, 1925, and 1926. Although this chapter
deals primarily with geraniol baits, other baits, which
attracted more than fifty beetles, are included for the
sake of comparison. «fne morning collections have been
compared with the afternoon collections, and a study
of daily variations, as well as of the seasonal
vari-
ation of the sexes, has also been made. Most of
the
results were obtained by the use of bait cans
but
"bait traps were useu to some extent.
Table 20. Proportion of males and
females attracted to baits. (1923 - 1926)
Material t KtTftTWth
Bait
Garri er FAmales <b Males
0.57 1 87 13
Eucalyptus oil 0.57 1 85
Orange oil (sweet) 0.57 1 8U 16
Pine oil 0.57 1 81 19
Spearmint oil 0.57 1 80
20
Cassia oil 0.57 1 80
20
Geraniol pure (83$) 5.00 75? 22
Acetanilid 10.00 5 I"
Ethyl alcohol 2.85 1
77 23
Bugenol
1X 76 2U
Rue oil 0,5 f
1X 75 25
Geraniol technical {5$.oy>) 10.00 5 75
25
Geraniol 0.2s 1 y
crusnecL appxe
7* 26
Geranyl acetate 5.00 5
26
Cltronella oil 0.57
1 7^ 26
n-Heptyl alcohol 5.00 5
73 27
Bugenol (Prltzsche) 0.25 5
73 27
Ethyl acetate 0.57
l 72 28
East Indian
Geranium oil 5.00 5
71 29
Lavender flower oil 1.00 5
71 29
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Table 20. Proportion of males and
females attracted to baits. (1923 ~ 1926)
Continued.
Bait
Material j Strength Carrier $ Females $ Males
Bogenol (Eastman) 0.25 5 70 30
Citronellal 1.00 5 70 30
Citronellal 0.50 5 70 30
Sodium fluosilicate 10.00
Geraniol pure (33$) 5-00 5 70 30
U 6s 32
1 67 33
1.00 5 67 33
0.25 5 67 33
Geraniol standard (72.8$) 5*00
Geraniol standard (72.3$) O.25
Acetic acid
Clove oil
Sodium fluoride 10.00
Geranid pure «33#) 5-00 5
b
'
«
Paris green 10.00
Geraniol pure (33$) 5-00 5
b
<
•>•>
Geraniol technical (58.8$) 5-00 5
67
Geraniol standard (72.3) 5-00 5
Sodium chloride 10.00 „ ^
Geraniol »S" (55-0$) 5-00 5
Geranil absolute (88$) 5-00 5
6U 3^
Barium carbonate 10.00 ^ ^6
Geraniol pure (83$) 5'°° ->
Geraniol absolute (38$) 2.5O ^ ^6
Eugenol 0.25 5
Table 20. Proportion of males and
females attracted to baits. (1923 " l^
Continued
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Material.
Ginger oil
Acetyl salicylic acid
Geraniol pure (83$)
Geraniol technical (52.3$)
Sugenol
Seraniol »S" (55$)
Sugenol
Sthyl alcohol
Clove oil
Sassafras oil
Pyridine
Geraniol pure (83$)
Geraniol pure (83$)
Geraniol "S" (55$)
Geraniol pure (83$)
Geraniol standard (72 «
Geraniol pure (83$)
Sugenol
Geraniol pure (83$)
Cryolite
Geraniol pure (83$)
Lead arsenate
GQraniol pure (83$)
Lead chloride
Geraniol pure (83$)
Sodium silicate
Bait
<ft
st.fftnftth Carrier
1.00
10.00
5.00
2.50
O.25
2.5O
O.25
0.28
0.57
5.71
10.00
5.00
5.00
5.00
0.50
2.5O
2.5O
O.25
5.00
10.00
5.00
10.00
5.00
10.00
5.00
10.00
$ gamaLes
6U
6U
63
63
63
63
63
62
62
62
62
61
61
60
59
59
Males
36
36
36
37
37
37
37
37
38
38
38
38
39
39
to
Ul
94.
Table 20 . Proportion of males and
females attracted to baits. (1923 - 1926)
Continued
Material
Bait
UGLX A A OA ^ Females ^ Males
Geraniol pure (23$)
Potassium fluoride
5.00
1 r\ nnxu ,uu C j-> Hi
Geraniol standard (72.2$)
Oitral
0.25
r\ r~r\O.pO XJ Hi
Geraniol standard ^ 72.556; c on 1 59
Ul
Iso-amyl valerate 5.71 1 58
Citral 0.50 2 52
U2
Geraniol pure (83$)
Sodium arsenate
5.00
10.00 5
U2
Geraniol pure (23$)
Oxalic acid
5.00
10.00 5 52
hp
Capryl alcohol 5.00 5 57
*3
Geraniol pure (83$)
Sodium arsenate
5.00
10.00 5 56
hh
Geraniol pure (83$)
Arsenic Trioxide
Citral
5.00
10.00
2.50
5
l
55
53
' H7
Sassafras oil (natural) 5.00 1
52 US
Ethyl alcohol
Benzyl alcohol
Iso-eugenol
10.00
5.00
0.28
5
5
1
52
50
U2
U2
50
52
Geraniol standard (72.2$)
Citral
Citral
Phenyl ethyl alcohol
Allyl alcohol
0.25
0.50
O.5O
5.00
5.00
l
1
5
5
\1
U3
37
53
57
63
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Eighty-seven per cent of the "beetles attracted by
a tansy oil bait were females. This per cent exceeds
all other baits in the attraction of females. Allyl
alcohol with 14 per cent was the lowest. A 10 per
cent concentration of geraniol technical (58.8^) led
the geraniol grades of the bait can tests with a female
attraction of 75 per cent. Geraniol pure (85^) of a
5 per cent concentration attracted 62 per cent females
but, when combined with acetanilid, the percentage of
females was increased to 78 per cent.
The ratio of males to females caught in the morn-
ing was compared with the afternoon ratio. In thirty
of the forty-seven haits tested, the afternoon ratios
were smaller than the morning ratios, and, in two
cases, once when pyridine was used in combination with
geraniol pure (83^), and once when geraniol technical
of a 10 per cent concentration was used, the ratios
were the same. The most appreciable decrease was
from
ratio of 1 to 2.57 in the morning to a ratio of 1
to
0.81 in the afternoon. This was recorded when
oxalic
acid was added to geraniol pure (S3#). The
greatest
increase in the ratio of males to females was
from 1
a
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to 1.00 in the morning to 1 to 2.8 in the afternoon and
occurred when an 0.5 per cent acetic acid bait was used.
In 1925 the weekly collections from two traps,
"baited with 10 per cent absolute geraniol (88$) and
bait No. 5, were compared. The ratio of males to fe-
males was very similar with each of the traps except
for the second week's collection (June 28 - July 4)
when the ratios were 1 to 1.10 and 1 to 3.07. The
ratios were lowest for the first week (June 21 - June
27) and highest from the seventh to the ninth weeks.
During the summer of 1926 counts were made of the
sexes caught in two bait traps. Both traps contained
bait carrier No. 5 but one of the baits was impreg-
nated with 10 per cent geraniol absolute (88%), the
other 2.5 per cent geraniol technical (58.8^) and 0.25
per cent eugenol, 77 and 76 per cent of the beetles
caught by the former and latter respectively were fe-
males. These results give an average ratio of 1 male
to 3.3 females for both baits.
VII. THE USE OF GERANIOL IN THE
C0NTK0L OP THE JAPANESE BEETLE
When it was definitely decided that geraniol was
the primary attrahent of the beetle, it was only
97.
natural that the next step should he an attempt to
make practical use of such knowledge. The methods to
attain such an end included the use of traps, poison
"baits, sprays, and dusts. The use of the latter two
in connection with contact sprays was also investi-
gated.
( a) Traps
The description of the different kinds of traps
tested and the experiments relating to the use of
traps have already been described in a paper by
Richmond and Eetzger, 1929. Another paper by Metzger,
1928, showed how to use the so-called standard trap
according to our present knowledge of the situation.
Although traps are not the answer to the entire pro-
blem of control, nevertheless considerable value must
be attached to their use. They certainly constitute
a supplementary means of controlling the adult beetle
since anything which decreases the number of beetles
must he considered to be of some material value.
The main objection to their use seems to be the fact
that many beetles are attracted to the vicinity of
a trap. If traps are placed on non-economic plants
or on plantsupon which the beetle does not feed to
any appreciable extent and at a sufficient distance
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from the plants to be controlled this objection is
materially lessened.
The standard trap, furnished with bait carrier
No. 5 impregnated with 2.5 per cent technical geraniol
of a 58.8 per cent purity and 0.25 per cent eugenol, is
recommended at the present time. At least 30 per cent
of the beetles, which approach a trap, are caught and
this percentage is increased over 10 per cent by the
use of a tin baffle.
The control of an orchard is problematical but
it seems very likely that a certain degree of control
may be attainea if a sufficient number of traps be
placed at the right distance from the orchard.
( b) Poison Baits
It was expected that poisonous substances could
be incorporated in attractive baits and that upon
ingestion by the beetle a satisfactory degree of kill
could be obtained. An ideal poison bait would be
one that would attract the beetles in appreciable
numbers, drawing them away from their most favored
food plants, and one that would induce them to feed
readily in spite of the poison present. It would be
highly desirable to have a bait of such a composition
99.
that it would stand up under varying weather conditions
Some degree of preservation could be attained by pro-
tecting the baits from the elements.
A number of poison baits upon which the beetles
feed have been disclosed but their attractiveness
was not of sufficient value to warrant their use.
Several methods were used to test the relative value
of poison baits. It is necessary to keep in mind two
important factors in making such tests. In the first
place it is necessary to learn whether or not the
poison is lethal to the beetle and in the second
place to divulge whether or not their use in attract-
ive baits would deter the beetle from being attract-
ed or, when once attracted, from feeding.
The main tests were made by using poisoned ger-
aniol baits in bait cans and testing them in the
usual manner. Ten per cent of the poison was used
in 5 per cent geraniol baits. Table 20 shows their
relative importance in respect to other baits. In
general the use of poison somewhat lowered the effi-
ciency of geraniol baits.
When "baits were placed in cages with the beetles
no satisfactory results were attained. For some reasnn
or other the beetles did not care to feed. It was
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suggested that the amount of geraniol was too high but
a reduction in the percentage of geraniol failed to re-
move the difficulty. Many beetles died from crawling
over the geraniol baits and often a better kill was
obtained with the checks.
The kill, obtained when 11.1 per cent poison was
used with a 5 per cent geianiol bait, was 89 per
cent for paris green and 61 per cent for lead arsen-
ate in comparison with 12 per cent for the check.
When lead arsenate was added to crushed apple in the
proportion of 1 part to 9 parts, a kill of 91.6 per
cent was recorded within a period of 72 hours after
feeding. Such a per cent kill shows promise for the
development of a satisfactory poison bait,
(c) Sprays
It was believed that the addition of geraniol
to arsenicals would induce more extensive feeding
upon sprayed foliage, and preliminary tests indicated
that the material was attractive in concentrations as
low as 1 to 2000. The use of a stronger concentration
of geraniol than 1 to 250 was proved to be inadvisable
since there was danger of foliage injury. Several
orchards were treated, the power spraying being done
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in cooperation with E
.
R. Van Leeuwen. when geraniol
was added in the proportion of one part to 1C00 of
lead arsenate spray, swarms of beetles were attracted.
As the odor spread, greatly increased activity and
positive reaction on the part of the beetles were ob-
served at points approximately one-half a mile from
the place where the experiment was periormed. The
attraction continued for about one hour after the
spray was applied, and large numbers of beetles re-
mained in the orchard until the day following the
application. Once the odor of the geraniol had be-
come dissipated, however, attraction ceased.
Experiments in which geraniol emulsions were
applied to plants and the accumulated beetles killed
with concentrated soap sprays (see Van Leeuwen, 1926)
resulted in the development of a practical method for
the destruction of large numbers of beetles.
( d) Dust s
Various grades of charcoal were impregnated with
geraniol in an endeavor to conserve the odor for a
longer time. Field experiments apparently demonstrated
that the charcoal held the odor so strongly that it
was not given off in sufficient concentration to attract
102.
the beetle. When kieselguhr was impregnated with
geraniol the dissipation of the vapor v/as somewhat
delayed, hut not enough to he satisfactory.
VIII. SUMMARY OF RESULTS
Geraniol is clearly the primary attrahent of the
Japanese beetle but its combination with eugenol
materially lowers the cost and increases its efficiency.
1. More than two hundred materials or combina-
tions were tested for their relative attractiveness.
2. Testing the beetle in its natural environ-
ment proved a very satisfactory method since over a
definite period of time the various clina to logical
factors tend to be equalized.
3. The bait can and the bait trap were the* prin-
cipal apparatus used for exposing the baits.
4. Hourly and half-hourly collections gave fairly
accurate indications of the relative value of baits
hue naturally continuous observations would be the
most desirable.
5. Solid bait carriers were more satisfactory for
testing odors than liquids, although the latter are more
easy to handle and give the degree of attractiveness of
a given odor more quickly.
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6. Low attractive or neutral materials afforded
leads for the study of repellents.
7. Bran proved to be the best carrier and re-
tained an odor over a long period. Bran, middlings,
and sawdust were of no value when used alone,
B. Gum arabic, molasses, refiners' syrup, and
corn syrup proved to be slightly attractive.
9. neither cider nor apple juice attracted any
beetles when placed in a trap.
10. Crushed fruits, such as apples, peaches, and
pears, were noticeably attractive.
11. A mixture of molasses proved to be the best
liquid to use with geraniol alone, or with geraniol
and bran when tested against gum arabic, refiners'
syrup, and corn syrup.
12. natural sassafras oil was the most attractive
of the essential oils tested, and within certain limits
its attractiveness is directly proportional to its con-
centration, clove oil was the second oil in attract-
iveness and decreased in attractiveness as its strength
was increased.
13. Eugenol, citronellal, citral, and citronellol
follow geraniol in value as attractive agents.
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14, Geraniol 2.5 per cent proved the most satis-
factory chemical when the number of "beetles attracted
was placed on a strictly percentage basis but 10 per
cent geraniol gave the "best total return,
15, geraniol 10 per cent with a record of 100
per cent gave the best daily attendance of the
beetles at the bait cans when tested in comparison
with other concentrations of geraniol,
16, in competition with 2,5 per cent and 0,25 per
cent geraniol the 5.0 per cent geraniol ranged first
in number of times it attained first place in the
number of beetles collected,
17, The "lowest grades" of geraniol usually gave
the best attraction.
18, Certain combinations of geraniol with other
chemicals showed promise of giving better attractive
materials,
19, Technical geraniol (58.8 per cent) of a 2,5
per cent strength, together with 0.25 per cent eugenol,
was the most satisfactory combination obtained,
20, In tests pertaining to the percentage of fe-
males attracted by different odors, tansy oil led the
field with a record of 87 per cent females. Allyl
alcohol with 14 per cent females was the lowest. The
highest percentage females, obtained when absolute
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geraniol 2.5 per cent and eugenol 0.25 per cent were
used in "bait cans, was 64. The highest per cent fe-
males using this last combination, except that technical
geraniol replaced the absolute, was 76. In general,
the ratio of males to females was smaller in the after-
noon collections than in the morning. The ratios were
lowest the first week of the season and highest from
the seventh to the ninth week.
21. Temperature and humidity are important factors
affecting the activity of the "beetle in its response to
odorous materials. A fairly high temperature, together
with a reasonably low humidity, operates to give an
optimum response. The most satisfactory range in
temperature was from 80° to 97° Fahr. The most desir-
able range for relative humidity was from 47 to 75
per cent inclusive.
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The External Morphology of Hydrophllus obtusatus Say
(Coleoptera : Hydrophilidae)
I. Introduction
Hydrophllus obtusatus Say was selected for this
study on account of its fairly large size, and because
of its relative abundance and wide distribution which
probably make it the most readily available species of
the larger hydrophilids in this country. Moreover,
there are several closely allied species belonging to
the same genus, Hydrophilus , which could be substituted
for H. obtusatus in case it were desirable to use such
a beetle for class work. Although not as large as
Hydrous triangularis Say or the rarer Hydrous ovatus
G. & H., and so perhaps less desirable for study,
the
members of Hydrophllus seem to be more equally
distributed over the world and have not been studied
as extensively. The immature stages have been
described by Bowditch, 1884; vickhaa, 1895b; Richmond,
1920; and Wilson, 1923. A complete
morphological
study of a water beetle has never been made
in the
United States, and it is hoped that such a
contribution
may be of some value to the student as
well as to the
trained morphologist. It would be worth
while if more
extensive studies such as that of Korschelt, 1923, on
Dytiscus marginalis L», were conducted in this country.
Several workers have figured Hydro phi lus as one of
a series illustrating the comparative anatomy of
Coleoptera and other groups but no complete study of
the external anatomy of Hydrophilus has been made.
Forbes, 1922, and stickney, 1923, have used both Hydrous
triangularis and Hydrophilus obfrnaatus in their
respective studies of the wings and head capsules of
Coleoptera. Hydrous triangularis was used and figured
by Newell, 1918, in her study of the male and female
genitalia of Coleoptera; by Crampton, 1926, for his
consideration of the neck and prothoracic sclerites of
insects; and by Tanner, 1927, in his paper on the female
genitalia of Coleoptera.
Most European writers who have described the Hydro-
philidae have written concerning Hydrous giceus L., the
largest and possibly the most common species of Europe,
but the genus Hydrophilus has been somewhat
neglected,
except by d'Orchymont, 1911. Sharp and Muir,
1912,
described the genital tubes of Hydrous £iceus
Laccobius ytenensis Sharp, Berosus signatlcollie
Sharp,
Berosus luridus L-, Helophorus aquaticus
and
nactvloaternum subdepressum Lap. in their
paper on the
comparative anatomy of the male genital tube
in Coleop-
tera. In 1894, Escherich discussed
the male genital
system of Goleoptera and included Hydrous piceus L.
Berlese, 1909, used drawings of Hydrous piceus L» and
Hydrobius fusclpes L» in connection with a number of
his morphological explanations. The most valuable
piece of research on any one species was contributed
by Balfour-Browne, 1911, as a result of his studies
on Hydrobius fuse ipes L» and many valuable ideas on
the morphology of a hydrophilid were obtained from a
study of his work. Brocher, 1918, carefully
described the respiratory system of Hydrous piceus in
great detail.
The specimens used for this present study were
collected in swampy meadows adjacent to the campus
pond of the Massachusetts Agricultural College at
Amherst, Massachusetts. They were preserved in eighty
per cent ethyl alcohol until needed for study. In
order to remove the soft tissues from the sclerotized
portions of the beetle some of them were boiled in a
ten per cent solution of caustic potash. For examin-
ing the structures a Spencer binocular was used
together with a Spencer high power Mazda microscope
lamp (400 watts, 100 volts) for illumination.
All of
the measurements for the drawings were made
by means of
a cross section, ocular micrometer, and the
original
drawings were sketched on cross section
paper, the
squares of which were calibrated.
The drawings were then traced on briatol board and
inked in, after being carefully checked over with other
specimens besides the one drawn originally. As an
explanation of the drawings it should be noted that the
membranous areas have been closely stippled whereas the
lightly sclerotized regions have been only sparsely
stippled. The interrupted or broken lines represent
indefinite margins, indistinct areas, or underlying
structures and the dotted lines have been used to
indicate indistinct sutures, elevations, or depressions.
The investigations included in this paper were
conducted entirely under the direction of Dr. G« C
Crampton, and I desire to thank him sincerely for his
helpful advice and most considerate criticism. It
wee
at the suggestion of Dr. H. T- Fernald that a
morpholo-
gical paper was included in my studies, and both
he and
Dr. C. P. Alexander have materially aided in
my
researches
•
II. History and General Description
The subfamily Hydrophilinae, of which Hydrophilus
obtusatus Say is a member, also includes the genera
Hydrous Dahl, Neohydrophilus d»Orchymont, and
Tropistemus solier. pibolocelus Bedel is now placed
in the genus Hydrous as a subgenus. This subfamily is
primarily distinguished from the other subfamilies of
the Hydrophilidae by the presence of an acute meta-
sternal spine and its compressed meso- and metathoracic
tarsi which form oar-like appendages for swimming.
The general color is usually reddish brown to pitchy
black although some of its species occasionally possess
yellow margins. The size varies from 9 mm. to 35 mm.
in length.
The genus Hydrophilus was erected by De Geer in
1774, and H- caraboides L- was selected by Leach
in
1815 as the type genus. The short, metastemal
spine,
never projecting as far as the caudal margin of the
first ventral segment, and the acutely carinate
presternum,
not grooved for the reception of the
mesostemal carina,
isolate this genus from the other members
of the subfamily
Hydrophilinae.
The first specimen of this species
to be recognized
was collected by its author, Thomas
Say. on one of his
expeditions to the Rocky Mountains, and
was described by
him in 1823 as follows:
"Body oblong-oval, convex, black; head, a
lunate indented line of confluent punctures
before the eyes on each side; orbits
punctured; palpi and base of the antennae,
dark rufous; thorax with a very much
abbreviated line of impressed punctures on
each 3ide before the middle, and a few
lateral punctures; elytra very obtusely
rounded behind; four series of punctures
furnishing minute hairs, the outer one
double; beneath sericeous, with minute
yellowish hairs; pectus, prominence not
bifid; sternum narrow and not canaliculate
before, slightly emarginate near the
anterior tip; posterior moiety a little
flattened, with an impressed line;
posterior tip rounded and hardly extending
beyond the base of the postpectus; feet
dark piceous. Length from 3/5 to 13/80
of an inch."
It is unfortunate that the original type has been
destroyed and it would be quite advisable to select
another individual or group of individuals to stand in
its place*
Hydrocharis obtusatus has been included under
Hydrochara Berth., 1827; Hydrous Brulle, 1835; Hydro-
charis Hope, 1838; Hydraechus Steph., 1838; and
Hydrochares Solsky, 1876; but now seems to be properly
placed in the genus Hydro philus . It is very close to
H. caraboides L- which is readily distinguished by the
caudal, spine-like projection of its prothoracic keel.
In 1869 Zimmerman named a specimen of H. obtusatus
Say
as H. grandis , but since only the elytra are
left it
will be difficult to prove whether or not H.
grandla is
really a distinct species.
Knisch, 1924, lists H« obtusatus as a North
American species and it does seem to be fairly well
distributed over Canada and the United States.
Literature and records at hand report its occurrence
in Manitoba and Ontario, Canada; all of the New
England states; New fork, New Jersey, Pennsylvania,
South Carolina, Florida, Michigan, Indiana, Illinois,
Kansas, Texas, New Mexico, and Washington* The other
species of the genus Hydrophilus occurring in the
United States are H. castus Say, H. lineatus Lee, and
H. rickseckeri (Horn). The two latter species seen
to be confined to the most western states while the
first is southern in its distribution. H. castus Say
has been placed in the genus Neohydrophilus by
d'Orchymont principally on account of its emarginate
fronto-clypeus while the other species are left in the
genus Hydrophilus in the strict sense.
Ill* The Head and Its Appendages
Head Capsule (Figs- 1 and 2): - The head capsule
of H- obtuaatus Say is practically circular in outline,
when viewed from above, and ie somewhat slightly
depressed although it is well rounded out* It is
inserted in the prothorax as far as the caudal margin
of the eyes so that the occiput and the caudal portion
of the vertex are oonccaled. The compound eyes (e),
which protrude from the sides of the head, are large
and appear cordate from above, but being emarginate
caudad are reniform when viewed from the side.
The epicranial suture (es) is distinct and almost
attains the caudal margin of the vertex. Cephalad it
extends alone the median line to a point between the
eyes, where it divides into a right and a left arm
called the antonno- frontal sutures (afs) but also known
as frontal sutures. Each of these sutures curves
outwardly, dips slichtly caudad at a point near the
eye, then passes in front of the eye to the
lateral
margin of the head, where it extends ventro-meead
and
finally terminates near the dorsal condyle
(precoila).
The two portions of the vertex (v), separated
in
part by the epicranial suture, are termed the
parletals
(pa) and each of these is set off at the
side of the
head from the postgena and gena by a poorly
defined
ridge. This ridge is continuous with the rounded
posterior margin of the vertex and extends to the
caudal region of the eye. A small shallow
depression is present mesad near the hind margin of
the vertex.
The occiput (oc) is not clearly demarked, and
merges dorsad with the vertex. Two short, vertical
grooves occur in the occipital region just laterad of
the occipital foramen (of).
Each postgena (pg) has a shiny, glabrous,
quadrangular area at the side of the head near its
posterior margin. The cephalic margin of each gena
(ge) follows toe thumbprint-shaped caudal eraargination
of the eye and is continued alone the caudo-ventral
margin of the eye. It is a question as to just what
constitutes the postgena. According to Stickney,
1983,
each postgena is a narrow area, bearing
the acetabulum
(postcoila) for the reception of the condyle
of the
mandible and is situated just laterad of the
base of the
submentum. I am inclined to consider,
however, that
the postgena is fused with the gena
and that it really
extends from the hypostomal region
to the caudal region
of the head where it takes part in
the formation of the
occiput.
Irately in front of each eye there la a snail,
triangular area -hlch In this
paper la t.r«.d the
parocular aclerite <pl>. It la
called the -second
sternite" or "antennal sclerite" by d'Orchymont, 1913,
but, since I can not agree with his attempt to name the
somites of the head, such terms do not seem acceptable
until more definite proof of their origin can be
presented. This parocular sclerite extends almost to
the caudal margin of the eye as a narrow rim along the
raesal side of the eye, and also laterad in front of the
eye until it unites with a narrow, antennal sclerite
which surrounds the base of the antenna. Such parocular
areas are present in other species of the genus Hydro-
philus as well as in the genera Hydrous , Tropisternus,
et al, but are most prominent in Hydrophllus * The
short but well-defined suture demarking each parocular
sclerite is named the parocular auture (pis). The
setiferous punctures, which are present on these
sclerites, together with those just caudad but separated
off by the parocular sutures, are called the
interocular
series (is).
Each frontal pit is located near the end
of the
antenno-frental suture just laterad of the dorsal
condyle
(precoila). The reason for such a location
of the
frontal pits is doubtless due to a
deflection of the
lateral margins of the head. The anterior
articulations
of the mandibles, as well as the
frontal pits, have thus
been forced to assume a ventral
position rather than the
primitive, dorsal position as
represented by
more
Stickney, 1913, in his hypothetical type or even by
the genus Hydraena , a member of the Hydrophilidae.
The large, cape- shaped sclerite in front of the
antenno-frontal sutures is a combination of the front
and post-clypeus, namely the fronto-postclypeus (fp).
This sclerite is folded over the sides of the head and
is represented on the ventral side by two triangular
regions. The two series of setiferous punctures, each
arranged more or less in a semicircle towards the sides
of the head, are the antero-lateral series (as). Sueh
an arrangement has been termed "lunate" by most authors
and is quite characteristic of the species, although
in
some individuals the punctures are dispersed and
often
the two series are not entirely symmetrical.
The anteclypeus is not usually visible
from above,
but is a membranous area concealed beneath
the cephalic
margin of the fronto-postclypeus uniting
it with the
iabrum (1). In the genus Neohydrophilus,
including the
American species, N« castus Say. the
anterior margin of
the fronto-postclypeus is so distinctly
and broadly
emarginate that d'Orchymont, 1913,
designated as the
clypeus (postclypeus) the membranous
area occupying this
emargination. Thus he considers the
dorsal sclerite
posterior to it the prefront (front).
It is possible
that this area really represents
the clypeus but I ««
atill inclined to call it the
anteclypeus.
The gula (g) is bell-shaped, and as shown in
Figure 9, is slightly indented at its cephalic margin*
It lies between the postgenae from which it is
separated by the gular sutures and extends from the
base of the submentum to the occipital foramen. The
gulo-submental suture (gss) is continuous with the
sutures which separate the postgenae and the submentum.
The gular pits (gp) seem to be present along the entire
length of the gular sutures but are visible externally
only near the cephalic end of the gula. The entire
surface of the gula is minutely punctured and pubescent.
Endoakeleton (Fig. 9): - The right half of the
tentorium is depicted in situ whereas the left half is
laid over to the left in order to show its structure
more satisfactorily. Eacii anterior arm (aa) has its
origin in a frontal pit located near the dorsal condyle
and extends in a caudo-ventral direction branching
into
two arms, one forming the dorsal arm (d) and the
other
uniting with the posterior arm (po). The dorsal
arms
end on the underside of the vertex near the
posterior
margin of the eyes while the posterior arms are
extensive plate-like structures which arise from
the
gular pits. The caudal expansions of the
posterior
arms form a sort of collar to the occipital
foramen
ventrad and laterad but are lacking dorsad.
A small
spine-like projection is present near the caudal
margin
of each posterior arm and each occipital condyle or
odontoid process (od) i3 evidently represented by a
minute sclerite in the membrane of the neck between
each pair of lateral cervical plates (ip) and the collar
of the posterior arms. The body of the tentorium (b)
is very much reduced and is represented only by a
slender transverse bridge connecting the posterior arms*
A characteristic but small spine is directed forward
from the middle of this bridge,
Labrum and Epl pharynx (Figs. 1, 2, and 10): - The
labrum (1), the most cephalic sclerite of the head, is
about four times as wide as it is long. Its cephalic
margin is rounded at the sides and is slightly emarginate
mesad. A transverse row of setiferous punctures is
present near the caudal margin of the labrum and the
punctures are irregularly spaced and vary from ten to
fourteen in number. A number of scattered setae
are
also present at the sides of this sclerite.
All the
setae of the labrum, however, are delicate and
are often
broken off except on fresh specimens. A
narrow groove,
parallel and slightly cephalad of toe caudal
margin,
marks the attachment of the cephalic border
of the
anteclypeus . The tormae are present as
stout, chlti-
nous projections of the caudo-lateral angles
of the
labrum and are directed caudo-mesad.
At each of toe
caudo-lateral angles of the labrum there
is attached a
long tendon and these are associated
with toe muscles
which raise and lower the labrum. The oral surfaces
of the labrum and epipharynx are quite complicated in
structure, and are invested with a variety of spines
and setae. Just inside of the concave margin of the
labrum there is an elongate depression bordered in
front by a row of about nine spinules (each of which
is mounted on a tubercle), and behind by a row of six
stout sense cones or blunt spines. At the base of
each cone there is a triangular structure. The labrum
and fronto-postclypeus are represented on each side by
a narrow, sclerotized region which is an extension of
their dorsal surfaces. At each side of the labrum there
are two small sclerites, the cephalic or larger one
bearing a group of setae while the caudal or narrower
sclerite is bare and slightly concave. The rest of
this area is entirely membranous except for the
epipharynx (ep) which is a median, hairy, and
somewhat
cone-shaped structure.
Antennae (Fig. 8): - The 9-segmented, capitate
an-
tennae (ant) are inserted in depressions on
the ventral
side of the head just in front of the eyes.
when at
rest they are folded back and lie on
the under side of
the head just below and mesad of the eyes.
The bulbular
base of the scape fits into an
antennal socket thus
forming a ball-and-socket type of
articulation. Th.
first segment curves inwardly and
is somewhat spinous
towards its base. The second
segment is more slender
than the first and is about
one-half as long, but it is
slightly longer than the next three segments together.
The sixth segment is asymmetrical, cone-shaped, and
forms a calyx-like structure which receives the
seventh segment, i.e., the first segment of the club.
Slightly below its distal margin the inner face of the
sixth segment is surrounded by a row of small tubercles,
each bearing a slender, erect seta. The seventh and
eighth segments are similar tending to be concave on
one side but swollen and broadened on the opposite side*
The terminal or ninth segment is cordate, flattened, and
stalked, as are the two preceding segments. The first
six segments are yellowish to brownish and glabrous,
whereas the last three, composing the club, are reddish
brown and entirely pubescent.
Mandibles (Figs. 3-7, inclusive): - The mandibles
(md) are not visible from above except when they are in
action. Each mandible articulates with the head
capsule on a dorsal condyle (precoila), located on the
fronto-preclypeus just in front of a frontal pit, and
in an acetabulum (postcoila), situated at the cephalic
end of the postgena, by means of a mandibular
acetabulum
(ac) and a mandibular condyle (cn) respectively.
The
abductor (ab) and adductor muscles (ad), represented
in
the drawings by tendons, control the action
of the
mandibles. The mandibles are asymmetrical,
although
appearing symmetrical at first glance, and
have sharply
bifid tips, extensive molar areas (ma)
and splnlferous
margins (sn). The proximal portion of the molar area
is often termed the submola and the distal portion the
mola , but these portions are not clearly defined in this
species. The mandibles are stout and remarkably
developed for grinding, ra3ping, and cutting food
materials. They resemble more closely the primitive
type of mandibles, present in the larvae of such
generalized hydrophilids as Qchthebius and Hydraena ,
than they do the oiore specialized type found in the
mandibles of their own larvae.
The broad, dorsal expansion of the molar area is
best seen from a mesal view of the mandible (Fig* 4).
The areas marked x are lightly sclerotized and their
surfaces are corrugated. The posterior piece (pp) of
the mandible is covered with punctures in contrast with
the impunctate anterior piece (ap). The color of the
mandibles varies from piceus to reddish brown.
Maxillae (Figs. 11 and 12): - The brush-like
maxillae are doubtless very helpful in assisting
the
mandibles in handling food and each of these "under
jaws,
as they are sometimes called, consist primarily
of a
cardo, stipes, lacinia, galea, palpifer,
and 4-segmented
palpus. The subcordate cardo (ca) is the
most proximal
segment and bears two basal processes.
There is a
slight indication, just laterad of the outer
basal
process, of a division of the cardo into
a basicardo
.
and
disticardo. The tendon of an adductor
muscle is
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inserted on the larger, inner basal process and the
tendon of an abductor muscle is attached to the outer
process. That portion lying between the two
processes functions as a pivot which is received by a
small depression in the side of the submentum just
cephalad of the caudo-lateral angle of the submentuB*
The stipes is composed of three sclerites, the
basistipes (bs), the medistipes (ma), and the parastipes
(ps). The basistipes is shaped like a right angle
triangle with its base contiguous with the distal end
of the cardo and its perpendicular side adjacent to the
medistipes along its entire length. The ventral
surface and outer margin of the basistipes are rounded
and covered proxlmad with moderately long setae.
The
medistipes is notched near its base and, together
with
the parastipes from which it is weakly
separated by a
straight suture, forms a somewhat quadrangular
area often
called the subgalea . The mesal margin
of the parastipes
is concave and the lacinia (la), which
lies mesad of it,
bears a finger-like process or digitus
(di). The distal
irgins of the digitus and lacinia
are fringed with
ma
spines
•
C.phalad of the parastipes is the
cubical basifial,.
(*), which is tipped with erect
setae. It bears «e.ad
the dlstlgalea (dg). « fan-liKe
structure equipped with
eight rows of curved setae. A
peculiar tubular pro.....
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arising near the base of the distigalea, is shown in
the dorsal view of this region (Fig. 11). The palpus
(mp) exceeds the head in length and articulates with a
cup-shaped palpifer (pf ) by means of a globular, basal
segment. The other three segments are slender and
successively shorter distad.
Labium and hypopharynx (Figs. 2 and 13): - The
labium , sometimes called the "under lip," is attached
to the distal end of the gula and postgenae by means of
the submentum (sm), which is nearly twice as wide as
long. The submentum is shiny and practically flat
except for a shallow, circular depression centralis
located. This depression is characterized ft* its base
by a triangular, pubescent area of minute punctures.
The rest of the plate is only sparsely punctate and
each puncture bears a small inconspicuous seta. The
postero-lateral angles are somewhat extended laterad
and are slightly notched. The mentum (mn) is also a
broad, quadrangular plate quite similar to the
submentum with which it articulates. Its ventral
surface is covered with setiferous punctures. The
prementum (pm) is the membranous area cephalad of the
mentum and bears the ligula (lg) and the palpifiers (pig).
The paraglossae (pr) and the conical, median
glossa (mg)
comprise the ligula. The paraglossae appear on
the
ventral side of the ligula as two subovoid areas, each
of which is flattened distad and surmounted by a group
of long setae which exceed the labrum. The sides of
the paraglossae are extended laterad and practically
clasp the palpiger from above. Each of the palpigers
bears a 3-segmented labial palpus (lp) . The first
segment is short, being about one-fourth the length of
the second segment, which is slightly longer than the
third. The second segment bears a row of setae along
its inner margin besides several other scattered setae*
Three long setae are borne laterally on the third
segment, a short distance from the tip of the palpus.
The hypopharynx is an extremely complicated
structure. Its central region is shaped like a
triangle with an apex directed caudad. Long setae
are present at the sides of this area and they point
inwardly. On each side is a less sclerotized region
the surface of which is corrugated with longitudinal
grooves. The fulcrum hypopharyngeum consists of two
round plates lying below the caudal third of the
hypopharynx and terminating caudad in two slender arms.
IV. The Cervix
Cervix (Figs. 14 and 80): - The neck (ce) is
almost entirely membranous and is usually hidden by
the overlapping margins of the prothorax. Dorsad,
on each side of the median line, there is a small,
transverse area consisting of sclerotized tubercles
each of which bears a small seta. Two yellowish
lateral cervical plates (ip) are present on each side
of the neck and together they form a flat, slipper-
shaped structure. The cephalic plate or precervicale
(y, Fig* 20) is rounded at both ends, elongate, and
bears cephalad a group of setae, each surmounting a
small tubercle. Just below this area a conical
process of the plate is directed inwardly. The caudal
plate or postcervicale (z, HM* 20) is about one-third
the length of the precervicale. It is pointed at both
ends, and is shaped somewhat like a meat-chopper. The
postcervicale has a slender, dorsal arm which is twisted
half way around. MacGillivray, 1923, termed the
cephalic plate, the cervepis ternum, and the caudal
plate
the cervepimeron, since he evidently considered
them to
be homologous with pleural scleritea. The
terms,
jugular aclerites, cervical sclerites. and "prothoracic
paraptera" have also been used as names for
these plates
V. The Thorax and its Appendages
prothorax (Fig. 14): - The dorsum or upper surface
of the pronotura is convex, and is nearly twice as long
as wide. It is distinctly margined at the sides but
only slightly in front and in back. A very narrow
groove is present inside the lateral margins and a row
of inconspicuous setae arises from the bottom of the
groove along its cephalic half.
The dorsal surface of the pronotum bears six
characteristic groups of setiferous punctures which
are
fairly constant in number and arrangement. Each
antero-external series is composed of two groups
of
punctures, an outer group of scattered punctures
in
the cephalo-lateral angle of the pronotum
and an inner
group arranged in a nearly straight, oblique
line
directed caudo-mesad. The medio-external
series is
scattered irregularly over a large sub
triangular area,
the apex of which points mesad.
The cephalic border is somewhat
sinuate being
concave as a whole but slightly convex
in the middle.
All of the pronotal angles are
rounded, the caudal
angles more noticeably so. The
entire pronotum is
gradually broadened caudad and the
width at its caudal
margin is one-half again as wide as
that at the
cephalic margin.
The pronotura extends ventrad in all directions.
The actual extent of the pronotum of insects was made
considerably clearer by Crampton, 1926, and his
interpretation is accepted in this paper. In front
the ventral portion of the pronotura is not very
extensive forming only a narrow band, which is closely
appressed to the under surface of the dorsum, and is
recognized principally by an Indistinct line demarklng
its caudal margin. Ventrad the sides and the lateral
portions of the caudal margin of the pronotum reach the
coxal cavities, apparently being either fused with the
pleura, which are not clearly traceable, or represented
by the inflexed regions below the margins of the coxal
and trochantinal cavities in the vicinity of the
precoxal folds (n).
A weakly defined but easily traced subnotal suture
(in) divides the ventral portions of the pronotum at
each side into the so-called epipleuron (ei) and paeudo-
pleuron (pn) . The epipleura are narrow and somewhat
L-shaped regions. Each pseudopleuron seems to be
divided by a short suture, arising from the lateral
end of the trochantinal cavity, into two sclerites,
which are often incorrectly designated the episternum
and the epimeron.
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In the region of the posterior foramen the ventral
portion of the pronotura bends slightly cephalad and
then caudad forming a horizontal groove and a narrow
shelf (sh) upon which the anterior edges of the elytra
rest. The caudal margin of the shelf is sinuate and
fringed with short setae except towards its sides.
The under side of the prothorax, just inside of the
lateral margins, is concave, but mesad the prothorax is
noticeably convex, the convexity being limited approxi-
mately to a region bounded by lines tangent to the sides
of the foramina. The basi sternum (ba) forms the
anterior part of the sternum, and in front a portion of
it is bent inwardly at right angles to the rest of the
sclerite. The anterior edge of the basisternum is
slightly margined ventrad, and the basisternum is
prominently keeled along the median line. This keel is
laterally compressed and is extended slightly forward as
a blunt process. It is pointed caudad and forms a
sharp angle with the surface of the fureasternum (fs).
The lateral extensions of the basisternum are the
precoxal bridges (pc) and they are separated from the
pronotum at each side by the distinct precoxal sutures
or folds (n). In addition to the pubescent hairs
covering the basisternum, scattered setae occur on the
cephalic half of its ventral surface.
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The furcasternum is just caudad of the basiatermim
and slants caudo-dorsad so that it is almost entirely
concealed by the coxae. It divides caudad into two,
broad, flat arms, each of which passes beneath a coxa in
a caudo-lateral direction thus forming the mesal wall of
a coxal cavity, and unites with a mesal projection of the
pseudopleuron, namely, the postcoxal bridge (px) . The
fureal pits (fu), which are situated about midway along
the lower surfaces of the fureal arms near the inner
margins of the furcasternum, lead to short, internal
processes or furcae. The pointed, mesal projections of
the postcoxal bridges are practically contiguous.
Pro thoracic leg (Figs. 15 - 19, inclusive): - When
in situ the coxa (cx) appears to be globular, but when it
is removed from the coxal cavity (c.c.) it is seen to be
more ovoid than spherical in form. The entire surface
of the coxa, except a basal process and a narrow, mesal
area where the coxae are contiguous, is pubescent. The
dorsal (extensor) surface of the coxa is prolonged
proximad into a coxal process (cp) which articulates with
a bottle-shaped trochantin (tn) by means of a condyle.
The trochantin is hollowed out near its proximal end and
the sclerite is so divided at its base that two knob-like
processes ara formed. These processes are so attached
to the hidden pleuron that each one of them apparently
articulates on each side of a pleural suture. Stout
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tendons (Fig. 16, te), are attached to the coxal
process and the trochantin in such a way as to permit
the coxa to rotate freely.
The external relation of the second segment of
the leg or trochanter (tr) to the coxa is best seen
by a glance at Figure 17. The trochanter is an
irregular segment but appears oval from below and is
pubescent except for a small distal area cephalad and
along the apical half of a ventral ridge. Internally
two knobbed condyles (trochocondyles) arise from the
dorsal surface of each trochanter and extend in
opposite directions, i.e., cephalad and caudad, forming
a sort of T-shaped structure each end of which articu-
lates with a trochantifer of the coxa. The distal end
of the trochanter is not strongly fused with the femur
(fe) but it does not articulate freely, the union being
more or less rigid.
The femur is about the same length as the coxa
including the coxal process, and is nearly three times
s long as its greatest width. The entire surface of
the femur is sparsely punctate except where it is
pubescent. Each puncture has a microscopic spine.
The pubescence on the caudal side of the femur
occurs
only near its base, but in front it covers about
two-
thirds the distal half of the segment. The
entire
ventral (flexor) surface of the femur is hollowed out,
but more noticeably so dlstad. The caudal surface is
flat while the cephalic surface is convex.
The tibia (ti) is just as long as the femur if the
tibial spurs (tis) are included but is more slender.
The cephalic surface is distinctly convex whereas the
caudal surface tends to be somewhat flattened. There
are six, longitudinal rows of spines on the tibia, five
of which are visible from a caudal view and the sixth
from a cephalic view. The spines of the three middle
rows of the caudal side and the row on the cephalic
side are stout and conical while the other two or
marginal rows (ventral and dorsal) are flattened. These
rows of spines give the tibia an appearance of a serrate
margin. There are two prominent, angular, tibial spurs,
the more dorsal of which is longer and stouter, and a
row of flat spines surrounds the distal end of the tibia.
The tarsus (ta) is 5-segraented and bears terminally
a pair of flat claws or ungues (cl). The tarsal
segments with the exception of the first, are fringed
dorsad with a row of slender setae which are as long as
the first segment of the tarsus. Each tarsal segment is
grooved along its ventral surface and the grooves are
bordered on each side with a row of short, flat spines.
The claws are recurved, sharply pointed, and each
one has
a basal tooth. The basal teeth are acute in
the female
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but are usually blunt in the male (Fig. 19). The
claws are more strongly bent in the male, resembling
grappling hooks. The pretarsal region is somewhat
angular giving each lateral portion an appearance of
a subbasal tooth. Between the bases of the claw there
is a slender, cylindrical process (pt), which possibly
represents a ventral projection of the pretarsus.
This process is sclerotized and bears distad two or
three long setae.
Me so thorax (Figs. 21 and 22, in part; and 24 - 27,
inclusive): - Dorsally the prescutum (psc) is small and
triangular, the base of the triangle being in line with
the cephalic margin of the mesonotum and the apex
attaining the anterior margin of the scutellum. The
major portion of the prescutum is inflexed over the
deeply emarginate, cephalic margin of the mesonotum.
For a short distance it slants in a caudo-ventral
direction and then flattens out forming an internal
shelf. The prescutum is so folded along the median line
of this shelf that it forms a blunt, laterally compressed,
epine-like process. The lateral portions of this
internal shelf are subtri angular and extend caudo-
laterad as far back as the posterior margin of the
scutum (sc). The caudal extensions of the prescutum
are apparently inflexed again and closely applied to the
ventral surface of the shelf. At the cephalic border of
the shelf this secondary inflection flares ventrad and
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cephalad forming a pair of narrow, lateral wings
which constitute the prephragma (Fig. 25, ph)
.
The dorsal surface of the scuteHum (al) is a
prominent, triangular, raised area and, in keeping
with the rest of the upper surface of this species,
is minutely punctate and shining. It is approxi-
mately equilateral and extends below on all sides,
slanting mesad as far as the triangular region shown
in Ficure 25 by interrupted lines. In front, just
below the margin of the ecutellum, there is a row of
short setae.
The scutum (sc) is divided into two irregular
areas by the prescutum and scutellura. Each of these
lateral areas extends from the cephalic margin of the
mesonotum to the anterior margins of the parascutella
(pre). Cephalad the scutal regions are pubescent and
somewhat arched. The slender antero-lateral extensions
of the scutum are known as the prealar bridges (prt).
The prominent lateral angles, two on each side of the
scutum, are the anterior notal processes or suralare
3
(anp) and the posterior notal processes or adanales (pnp)
which support the elytra. On eaca side just below the
region of the two notal processes is a round concavity,
the diameter of which id equal to the distance between
the processes. The margin of the scutum between the
adanale and the parascutellum is noticeably notched
above and concave laterad.
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At each side of the no tiara, arising as a lateral
extension of the arm-like parascutellura, is an
axillary cord (axe) . Near the base of each axillary
cord, a narrow projection, apparently a remnant of a
postalar bridge (pb), is given off from the eaudal
margin of the parascutellum and extends in a latero-
ventral direction. The parascutellum is slightly
concave in the region adjacent to the acutellum.
The postscutellum is continuous with the caudal
margins of the parascutellar sclerites but is so
inflexed that it lies entirely beneath the mesonotura
and its caudal margin extends as far forward as the
cephalic limits of the paraseutella (indicated by dotted
lines). The postscntellum is slightly sclerotized and
would be called triangular in shape except for the fact
that it is truncate and emarginate caudad.
The pleural and sternal regions of the mesothorax
are better developed than the tergal portions and are
quite rigidly united with the corresponding portions of
the metathorax. The cephalo-lateral angles of the
mesosternum and the cephalic regions of the pleura are
rather complex so that it is a difficult proposition
to
name the parts with certainty. These areas
are hollowed
out for the reception of the cephalic portion
of the
lateral margin (Ira), the apophysis (ae), and
the notale
(nt) of each elytron. It is very likely
that the dorsal
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side of the lateral margin, a narrow ridge, represents
^ne aHfer (wing process) and that the ventral side, a
projection rounded laterad and bent dorsad, is the
anepistemum but one can not be positive.
The cephalic margin of each pleuron is bounded by
a transverse, emarginate sclerite, the prepectus (pe)
.
These sclerites are narrowly separated mesad by the
basisternum (ba). Laterad each prepectus bears a flat,
triangular process projecting forward from its cephalic
margin. The marae of this process, as well as its
function, is a question but it may be of value in
supporting the me so thoracic spiracle (sp 1), which lies
in the intersegmental membrane just in front of the
process* A group of setae is present ventrad on the
pro-mesothoracic intersegmental membrane between the
two spiracles. Internally each prepectus is
represented in front, by a narrow inflexed portion,
which is closely applied to its surface. The suture,
which separates the caudal margin of each prepectus from
the katepi sternum (ket), is sinuous.
As usual the pleural suture divides each pleuron
into an episternum and epimeron. When either the
episternum or the epimeron is divided into an upper and
a lower region, the prefixes "an" and "kat» are used
respectively to denote such regions. These terms were
first proposed by Crampton, 1909, and he also discusses
their usage in a later paper, 1914.
The katepl sternum (ket) or lower portion of the
episternura is the largest sclerite of the pleuron and
is somewhat quadrangular, although its inner side is
convex. The pleural suture (su) evidently originates
at the cephalo-lateral angle of the prepectus, and as a
faint ridge extending caudad forms the lateral boundary
of the prepectus. It passes caudad along the side of
the body until it reaches a point about half way along
the mesal margin of the anepimeron (aer) . Then it
takes a direction almost at right angles to its
previous cotirse and travels caudo-mesad, finally
dividing the coxifer (Fig. 21, cf) and attaining the
coxal cavity (cc).
The ka tepimeron (ker), the lower portion of the
epimeron, is about one-third the size of the katepisternum
and irregular in shape. It is emarginate behind and
slightly conceals the cephalic margin of the metathoracic
katepi sternum (ket). Ectad the anepimeron (aer) or
upper portion of the epimeron is triangular in shape
and its broad base borders the katepisternum and
katepimeron laterad. An internal view of the anepimeron
(Fig. 21, aer) shows that dorsad it is reflexed for a
short distance and tends to cover the inner surface of
the katepimeron (ker)
.
The basi sternum (ba) extends from the cephalic
margin of the mesosternum caudad to a point between the
coxae (cx) almost in line with their caudal margins.
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The basisternum is prominently keeled along the entire
median line and is interlocked at its caudal extremity
with the metasternal keel (mek). The mesosternal keel
(msk) is right angled in front and compressed laterad
for about one-fifth its length from the cephalic margin.
The remaining portion of the keel is rounded below except
in front where it bears a small, round tubercle. The
sides of the keel slope gradually and each side takes the
form of a triangular area extending as far laterad as the
Inner margin of the katepimeron, thus forming an antecoxal
bridge (pc) . The fureas ternum is entirely concealed below
the outer surface of the mesos ternum but is seen at the
cephalo-mesal margins of the coxal cavities when the
coxae (ex) are removed. When the sternum is viewed from
within it is seen that the fureal arms (Fig. 21, ft)
constitiite the most evident endoskeletal structures of
the mesothorax. These arms are slender, rod-like
processes, one on each side, arising from the furcal pits
(fu), located at the cephalo-mesal angles of the coxal
cavities (cc). Each one extends dorsad in a cephalo-
lateral direction to a region between the episternum and
epimeron where it flares out like a trumpet to form a
terminal muscle disc. The furcae are somewhat flattened
near their origin and are united with each other ventrad
by a short bridge. The caudal surface of each furca
bears a muscle disc a short distance from its base. The
cephalic margins of the precoxal bridges (pc) and the sides
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of the basisternum proper (ba) are invaginated,
forming on each side a subtriangular shelf, the caudo-
mesal angle of which extends caudad to the base of the
fureal arms.
A peculiar infolding or apodeme (ag) occurs along
the upper margin of each katepi sternum and extends from
a region near the end of each fureal arm to the caudal
margin of the prepectus where it terminates in a finger-
like projection. Hie peritreme or sclerotized area
around the me tathoracic spiracle (sp 2) is shown in its
normal position just inside the katepiraeron (ker)
.
Elytra (Figs. 24, 26, and 27): - The elytra cover
the entire dorsal surface of the body behind the caudal
margin of the pronotum with the exception of the meao-
scutellura. They are strongly convex and closely follow
the general contour of the body. The length of each is
about two and a half times its width. The scutellar
margins (slm) of the elytra are contiguous with the
mesoscutellum, and when at rest the posterior or auturaj
margins (am) of the elytra are interlocked, a narrow
ridge of the right elytron fitting into a groove of the
left elytron. The proximal and anterior or lateral sides
(lm) of the elytra are margined.
Each apophysis (ae) of the elytron articulates by
means of an axillary plate, the no tale (Figs. 22 and 24,
nt), with the concavity at the cephalo-dorsal angle of
the mesopleuron. There are eleven longitudinal rows of
small punctures, which are faintly visible on the upper
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side of each elytron, and four or more longitudinal
rows of larger, aetiferous punctures. The first two
rows of the smaller punctures unite about one-third
the distance of the length of the rows from the
proximal margin and the eighth and ninth rows form a
single row for a short distance from the base of the
elytra and then separate.
When viewed with a hand lens, there appear to be
about four rows of distinct punctures and these are
comprised of the larger, setiferous punctures just
mentioned. They lie between the third and fourth, fifth
and sixth, seventh and eighth, ninth and tenth rows, and
laterad of the eleventh row of smaller, indistinct
punctures. The third row is somewhat irregular and
missing proximad while the fourth row is also irregular
and really composed of two or more confused rows.
The latero-proximal angle of each elytron bears an
oblique row of setSJbrous punctures and a few, delicate
setae. A number of spine-like setae are scattered along
the proximal margin and the ventral surfaces of the
inflexed margins are covered with a stiff pubescence
except for a narrow strip along the lateral margin.
A delicate membrane lines the inside of the
elytra.
The small, dorsal punctures are represented ventrad
by
short rod-like projections but the larger punctures are
not extended below and appear as small
pin-holes- There
seems to be an indistinct apparatus for
stridulation,
— *35 —
somewhat similar to that of Hydrous piceus L. as
described by Brocher, 1912. Ventrad the anterior
inflexed margin of each elytra is slightly thickened
and polished on the inside a short distance from its
base. The lateral edge of the second abdominal seg-
ment is somewhat roughened by a longitudinal suture
or fold but the above mentioned polished area does not
attain the abdomen. The polished area apparently
grates on the bent anepimeron (aer) of the metathorax,
thus causing a characteristic stridulatory sound. The
metathoracic anepimeron of Hydrous triangularis Say is
more sharply bent than that of Hydrophllus and forms a
distinct ridge-like flap. I have not had the
opportunity to determine which sex stridulates but,
since thi3 structure is present in both sexes, it is
very likely that it is a function comaon to both sexes.
The .jugalula (Figs. 24 and 26, al) is a small, flat,
membranous, sac-like appendage attached laterad to the
inflexed, basal margin of each elytron, and to a small,
articulating ossicle, the notale (nt). The notale fits
into the cavity of the elytral apophysis (ae) and
serves
as an intermediate articulating ossicle between
the
apophysis and a cavity in the mesopleuron. The
notale
is somewhat hammer- shaped, and it is possible
that its
claw-like base may be composed of more than
one axillary
sclerite. The jugalula appears to be slightly
sclerosed
proximad and along its elytral (em) and notal margins
(nm). The jugalula is reversed in position when it
is folded back against the body, in which position its
dorsal surface lies next to the notura. The axillary
cord (axe), which originates as a part of the caudal
margin of the parascutellum, extends to the notal margin
of the jugalula near its base.
A small muscle, represented in Figure 24 by a
muscle disc (mu) and a tendon, is attached to the juga-
lula mesad of a small, triangular axillary sclerlte (i),
while another larger sclerlte, probably the basanale
(be), lies on the dorsal surface of the jugalula just
laterad of the small axillary sclerite (i).
Mesothoracic leg (Fig. 23: - The neso thoracic leg
is somewhat longer than the prothoracic leg, the
principal difference being in the greater length of the
mesothoracic tarsus. The elongate, subtriangular
tro chant in (tn) is inserted in the cephalic face of the
coxa and is only visible externally for about half its
width. The portion, in front (ventrad) of a longitudi-
nal ridge, is concealed beneatn the precoxal bridge (pc)»
The coxa (c*) is conical but its dorsal half, except
distad, is flattened cephalad (below) and margined along
its cephalo-dorsal edge. It is deeply emarginate
where the troehantin replaces its cephalic face ventrad
(flexor surface). The coxa is more or less fixed in a
transverse position with its distal end directed mesad
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and rotates only on its longitudinal axis. Both the
coxa and trochantin are entirely pubescent and the
trochanter is pubescent except for a triangular, apical
area on its cephalic face.
The trochanter (tr) is a small, irregular,
compressed segment and is practically fused to the
femur. The method of articulation is similar to that
occurring with the prothoracic trochanter.
The femur (fe) is nearly three times as long as
its greatest width and is about the same length as the
tarsus. It is laterally compressed, rounded dorsad,
and grooved ventrad. This ventral groove is shallow
and flattened at its bottom and becomes deeper and
wider distad. The caudal surface is smooth and bears
only an occasional puncture but the cephalic and dorsal
surfaces are entirely punctate, each puncture bearing a
microscopic spine.
The tibia (ti) is shorter, more slender than toe
femur, and its caudal surface is flattened. The caudal
spur is nearly half again as long as the cephalic and
almost as long as the first two tarsal segments. The
rows of spines are not clearly defined but there are
about eight longitudinal rows, only two of which are
caudal, and these are practically marginal. Cephalad
the tibia is fringed distad with a row of stout spines,
which are not shown in the drawing, while caudad and
set back from the distal margin, is a curved row of
slender spines.
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The tarsus (ta) is the longest portion of the
mesothoracic leg and each of its five segments, except
the first, bears a dorsal fringe of long setae
(swimming hairs) which vary distad in length from
approximately 2.0 mm. at the base to 0.45 mm. The
second segment is about twice as long as the first and
is equal to the third and fourth together. The ter-
minal segment exclusive of the claws, which are half as
long again, is three-fourths the length of the second
segment. All of the tarsal segments except the first
are grooved ventrad along their entire length, and the
grooves are bordered on each side with a row of short,
flat spines. There is a slight indication of a ventral
groove on the first segment due to the presence of two
distal rows of flat spines. This segment is deeply
emarginate above and the base of the second segment
fits into this emargination, the rest of the first
segment tending to clasp the base of the second. The
entire tarsus is laterally compressed.
The claws (cl) are similar to those of the prothor-
acic legs. The secondary sexual characters are not so
pronounced, although the basal tooth is usually blunt in
the male. Each claw (cl) has a subbasal and basal
tooth and the usual pre tarsal process (pt), which bears
two or three apical setae, is present.
Me tathorax (Figs. 21 and 22, in part; and 23): - The
metanotum is twice as wide as long and is quite compli-
cated in structure. The prescutura (psc) is divided
into a cephalic surface, which extends downward at
nearly right angles to a more caudal or dorsal surface.
The cephalic surface of the prescutum is somewhat
semicircular, lightly sclerotized, and bears two,
small, semicircular flaps, the prephragma (ph) on its
ventral margin. The meso-meta thoracic intersegmental
membrane is attached to the caudal margin ("antecostal
suture") of the cephalic region of the prescutum so
that this region is entirely internal. Some authors
consider that this cephalic surface of the prescutum is
the prephragma.
The dorsal surface of the prescutura (psc) is cape-
shaped, strongly arched, and its heavily sclerotized,
lateral portions are separated by an almost membranous
median area. This central area is broad and reaches
from the so-called antecostal suture caudad of the
cephalic margin of the scutellum (si). The latero-
cephalic prolongations of the prescutum form the prealar
bridges (prt) and the lateral end of each bridge is
rolled up and also has a ventral, spine-like
projection,
the tip of <*hich is barely discernible from above,
but
may be seen in Figure 23 just raesad of the rolled-up
area.
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When in position the prescutum is almost entirely-
covered by the caudal portion of the mesothoracic
dorsum, and the apex of the mesoscutellum attains the
cephalic margin of the median groove (me).
The scutum (sc) constitutes the main part of the
mesonotum, and is separated mesad by the scutellum (si)
into two subquadrangular areas. There is a tendency
for each of these lateral areas to be divided in the
region of a narrow, pubescent band into a cephalic and
a caudal portion. This band is more or less included
between the two dotted, transverse lines shown in Figure
23. The cephalic of these two areas is roundly
elevated and slightly higher than the caudal area, and
attains the lower level of the caudal area just behind
the pubescent band. Each cephalic ecutal region bears
a pubescent, mucronate tubercle laterally.
An anterior pronotal process (anp) projects from
beneath each of the cephalo-lateral angles of the scutum,
and is a conspicuous, flat, trapezoidal structure
slightly emarginate distad. The first axillary
sclerite or notale (nt) lies just laterad of the anterior
notal process. It is an irregular sclerite with a neck-
like process, which extends cephalo-laterally to the base
of the subcostal vein of the hind wing. At the side of
the notale, and lying slightly beneath it, is another
irregular sclerite, the secondary axillary sclerite
or median ossicle (mo). This ossicle is probably
composed of a proximal and an intermediate median
ossicle and its lateral margin is shaped somewhat like
a thumb and forefinger in outline, the cephalic or
finger-like process of which is continuous with the base
of the radial vein.
Each lateral margin of the scutum is noticeably
indented so that, together with the caudal margin of
the notale, an oval, membranous area is enclosed* The
third axillary sclerite or basanale (be) is attached to
a small flap of this area in such a way that an elbow-
like projection fits into the scutal indentation when
the wing is at rest. The basanale is an angular
sclerite, the lateral margin of which is attached to the
anal region of the hind wing, while its inner margin is
contiguous with the side of the dorsum.
The cephalic margin of the posterior notal process
(pnp) forma the caudal margin of each lateral indenta-
tion of the scutum and its lateral margin, where it
unites with the basanale, is entirely straight. Just
below the anal region of the wing in this area, a large,
flat, suboval sclerite, the snbalar plate (sul) is more
or less embedded in the membrane. A large muscle disc
is attached to its inner surface.
Two, convergent, scutellar ridges (sr) extend from
the cephalic margin of the scutura nearly as far back as
the caudal margin of the scutellum (si). The ridges
are so folded over mesad that each forms a groove which
serves to receive the inflexed margin of an elytron.
The scutellum (si) is the subtriangular sclerite
between the two scutal areas. It would be difficult
to describe all of its limits because it is so closely
united to the scutum. The arms of the scutellar
ridges are doubtless formed from the scutellum although
continuous with the scutum. Between the scutellar
ridges is a median groove (me) upon which the inflexed
sutural margins of the elytra rest, thus allowing the
elytra to fit flush with the raised portions of the
dorsum. Certain regions, where the scutum and
scutellum unite, are so invaginated that they form an
X-shaped, centrally located, internal structure called
the endodorsum (ed) . The caudal margin of the scutellum
is undulating and slightly lobed just behind the median
groove.
The pos tscutellum (psl) is a narrow sclerite
contiguous with the caudal margins of the scutellum and
the scutura. It extends entirely across the dorsum and
its projecting lateral arms are the postalar bridges (pb) .
Along the cephalic margin of the postscutellum, just
caudad of the scutellum, is a narrow membranous area
shaped in outline like a bird with outstretched wings.
Caudad the postscutellum is bent perpendicularly
downward, forming internally a transverse postphrapma
(pph), the lateral ends of which bear a prominent
muscle disc The postphragma is divided on each side,
about midway between the median line and the muscle
disc, by a longitudinal fold in the postscutellum.
The broken line in Figure 23 indicates the caudal
limit of the postscutellum as well as the basal line of
the postphragma. The narrow region behind this line
probably represents an isolated portion of the first
abdominal tergite.
The metapleuron
,
except for the katepisternum and
the caudal end of the katepimeron, is concealed from
view by the elytron. When viewed from below the
katepisternum (ket) is subovate with its caudal end
somewhat narrower than its cephalic. It is almost
three times as long as it is wide and extends length-
wise from the posterior margin of the mesepimeron to the
meta thoracic coxa (cx) . The caudo-dorsal angle of the
katepisternum has been bent upward for a short distance
and then ventro-mesad, forming with a caudo-ventral
portion of the katepimeron (ker) an internal,
triangular shelf. The original pleural suture has
naturally been carried internally with this invagination
so that the external line of demarcation, which divides
these two sclerites and which I have called the pleural
suture (su), is really not a true pleural suture.
The anepi sternum (aet) adjoins the cephalo-dorsal
angle of the katepi sternum and is a slender arm-like
sclerite which forms the cephalic portion of the wing
process (wp)
.
The katepimeron (ker) is the narrow,
curved sclerite contiguous with the dorsal margin of the
katepi sternum. Caudad it is emarginate where it borders
the coxal cavity and its caudo-dorsal angle is pointed.
The cephalo-dorsal angle of the katepimeron is noticeably
emarginate where it is replaced by the anepimeron (aer)
.
The suture dividing these two portions of the epimeron is
poorly defined but the division may be clearly recognized
by the fact that the lower portion of the anepimeron is
only lightly sclerotized in contrast with the more
heavily sclerotized katepimeron. The anepimeron is
sharply bent at the side of the body and extends to the
dorsal surface of the insect. This dorsal portion is
subtriangular and its apex is more heavily sclerotized
than the rest of the sclerite expecially between the
dotted lines shown in Figures 21 and 22.
The caudal or upper portion of the wing process (wp)
is a slender extension of the anepimeron and it can be
plainly seen from the internal view that the true pleural
suture really divides the wing process into the episternal
and epimeral portions since it takes a direct course to
the pleural coxal process (cf). Above the wing process
and attached to the anepi sternum near its base is a large
muscle disc ( mu ) •
The subalar plate (sul) is shown in the membrane
of the dorsal side of the body just mesad of the
anepimeron, and the line of attachment of a muscle
disc on its ental surface is represented by a broken
line (Figure 22). The first abdominal spiracle (sps )
is shown just behind the postalar bridge (pb), which
intervenes between the spiracle and the anepimeron.
The largest sclerite of the entire steremm is the
baslsternum (ba) of the metathorax. It extends from
the inner margin of the katepi sternum on one side in a
ventro-mesal direction to the median line, and then in
the reverse direction to the inner margin of the
katepisternum on the other side. Each lateral portion
is somewhat quadrangular but in front it is concavely
eraarginate since it follows the contour of the meso-
thoracic coxa. Mesally the basisternum bears a stout,
ventrally flattened keel (mek), which is slightly
grooved along the caudal half of its median line, not
including the terminal "metas ternal spine " (mts). This
spine is compressed towards the tip and has a sharp,
longitudinal ridge below. It does not extend beyond the
hind coxae (cx), in contradistinction to the condition
occurring in such genera as Hydrous and Troplsternus in
which the spine is noticeably prolonged.
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The furc a sternum (fs) is represented by two trans-
verse sclerites, commonly called the antecoxal pieces
or precoxal bridges. The cephalic margins of these
sclerites, together with the caudal margins of the
basi sternum on each side of the keel, are invaginated
to form a flat, narrow apodeme. The caudal margins
of these furcasternal sclerites are reflexed, closely
appressed to the inner surface of the furcasternum, and
extend forward as far as the cephalic margins of the
furcasternum*
The body of the furca (fs), a stout and deeply
4-grooved, internal structure, arises at the posterior
end of the meta thorax just above the metastemal spine.
It extends in a cephalo-dorsal direction giving off two
latero-dorsal arms, each of which bears two prominent
muscle discs. One of these muscle discs is terminal
while the other occurs just before the tip. The furca
is of such a length that, if it were laid down flat on
the metasternum, its most cephalic, 3-pronged tip would
attain the base of the meso thoracic furca. The base of
the furca is divided mesally so as to form two, longi-
tudinal processes or furcal condyles (cn), upon each of
which the ventro-mesal acetabulum of each coxa articulates.
The wings (Fig. 28): - Forbes, 1922, aptly described
and discussed the venation of the Hydrophilidae, which he
placed in accordance with Gahan»s system (1911) in the
— 47 --
Palpicornia (Ganglbauer) . He included the wings of
Hydrous triangularis Say, Hydro charis (Hydrophilua )
obt'^s-i tus Say, and Sphaeridlum scarabae oides L« among
his figures. For some reason or other, Forbes failed
to figure the veins, present at the tip (apical veins)
of the Hydrophilus wing, with the same degree of detail
as he did in the case of Hydrous . The apical veins are
weakly defined in Hydrophilus , to be sure, but are just
as weakly defined in Hydrous * If viewed under the
proper kind of illumination and from the right angle,
one can not fail to observe a venation similar to that
which Forbes depicted in Hydrous . It may be possible
that he really saw the apical veins of Hydrophilus but
considered them to be too indistinct to figure. The
fact that he bases the apical venation of his hypo-
thetical type on Hydrophilus suggests that he may have
really recognized the condition in Hydrophilus obtusatus .
However, he used the generic name, Hydrocharis , in dis-
cussing Hydrophilus obtusatus .
In general, Forbes* ideas relative to the naming
of the veins seem to be well founded and I have therefore
accepted his interpretations in this paper. Neverthe-
less, I have been forced to borrow the names, which he
used for Hydrous , in labeling certain of the veins of
Hydrophilus , more particularly the branches of Radius (R)
and Media (m). There may be some question regarding
the vein which I have designated as R4 . Forbes
apparently calls this vein R, in his figure of the wing
of Hydrophllus (Hydro char is ) . However, if one refers
to Forbes* accurate drawing of the Hydrous wing it will
be seen that R8 is fairly well defined. This R, seems
to be represented in Hydrophilus by the stub-like vein
towards the base and posterior to Rx . If then this
stub-like vein is Ra , then the next fairly well defined
vein, posterior to Ra , is probably R,, and in turn the
one which Forbes called R* is really R4 . In Hydro-
phi lus R4 and RB fork clearly, as is shown in Figure 28,
so I believe R 4 is properly located.
The Palpicornia have a complex apical venation and
Forbes states that it is the only group of Coleoptera
with a complex apical venation. Moreover, it is
apparently the only polyphagan group which preserves
traces of the radial cell beyond the transverse fold.
The preservation of M 4 and Cu as separate veins is
important since such a condition tends to link the
Palpicornia with the lower Adephaga. One of the anals
(2A t ) is always lost.
Both Tillyard and d'Orchymont have contributed
important views relative to the h drophilid venation.
Tillyard, 1926, states that the closed cell present in
the Adephaga between Media (I,!) and Cubitus (Cu) , namely
the oblongum, is absent in the Polyphaga and calls
the formation, which replaced it, the aper turn. The
incompletely chitinized vein, Media (M) , is called by
Tillyard the "returning vein." In Hydrophilus
obtusatus the apertum is well developed and the cross
vein, cu-a, is noteworthy.
The folding of the polyphagan wing when at rest
was very nicely worked out by d'Orchymont, 1921, who
some years ago kindly forwarded me a reprint of his
paper, together with an interesting paper model. The
important folds, which occur in the Hydrophilid wing,
include the convex anal and median folds, the concave
median furrow, and the transverse folding according to
d»Orchymont. Forbes, 1922, gives a diagram showing
the folding which occurs in Hydrous triangularis Say.
I have not figured the folding pattern of the
Hydrophilus wing since I find it similar to the folding
in Hydrous . According to Forbes "the folding at the
costal margin is as in the Adephaga while the remainder
of the wing is almost typically polyphagan."
Beta thoracic leg (Fig. 29): - The metathoracic leg
is by far the longest of the legs, each segment being as
long or longer than any corresponding segment of the
other legs. The trochantin is not present but the
coxa (cx) is exceedingly well developed, the two coxae
together spanning the entire ventral side of the body
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included between the lateral margins of the elytra.
The coxa is about four times as long as it is wide
and it can rotate only forward and back on its
longitudinal axis. Articulation is by means of the
pleural coxal process (Fig. 21, cf) and the furcal
condyle (Fig. 21, cn), which fit into a ventro-lateral
(proximal) and ventro-mesal (distal) acetabulum
respectively. The caudal surface of the coxa is
convex, and, when at rest, lies entirely below the
level of the ventral surface of the body. The flat,
cephalic surface of the coxa is flush with the under
side of the body. It is attached to the posterior
surface of the thorax along its ventral (flexor) face.
A longitudinal ridge is present along the ventral
margin of the cephalic surface of the coxa and the
dotted line, shown in Figure 30, indicates its dorsal
limit. The coxa is entirely pubescent while the
trochanter (tr) is pubescent except for a triangular,
apical area on its cephalic face.
The trochanter (tr) , femur (fe), tibia (ti)> and
tarsus (ta) are practically identical in structure with
the corresponding parts of the mesothoracic legs* The
trochanter is not quite as strongly compressed as the
mesothoracic trochanter. The femur, which is nearly
as long as the coxa (cx), is slightly more than twice
as long as its greatest width. Some individuals seem
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to show less punctuation on the cephalic surface of
the femur but still others agree in punctuation with
the mesothoracic femur. The tibial spurs (tis) are
slightly longer than those of the meso thoracic legs,
the caudal spur attaining the distal margin of the
second tarsal segment, but they bear the same ratio to
each other.
The tarsus (ta) is exactly the same length as
the meso thoracic tarsus and agrees in all of the
essential details except that it appears somewhat
stouter in certain individuals and the first segment
is better defined.
VI. The Abdomen and its Appendages
The abdomen (Figs. 31-33. inclusive): - Ten
abdominal segments are represented in this species,
and, when retracted, their length is about two-fifths
of the entire len^t. of the inaect. The abdomen is
entirely covered doreally by tas wings, which lie under
the elytra. normally there are five visible stemites
(s 3 - s 7) and the removal of the wings reveal eight
tergltea Ct 1 - t 8) and five pleuritee (p 3 - p 7).
The first stemite is mlssinn and th® second is hidden
beneath the metet
:
oracic coxae. The eighth abdominal
segment is so attached to the seventh by an interseg-
mental membrane that it can be retracted within the
seventh segment in a telescopic manner. In a similar
way the ninth segment, which contributes the main portion
of the genitalia, is capable of being retracted within
the body when at rest. The dorsum is convex and tends
to be keeled along the median line while the venter is
somewhat concave at the sides but convex mesad* The
abdomen of the female is noticeably broader and less
acute caudad than that of the male and the cephalic
margin of the eighth sternite of the female is more
strongly lobed than that of the male.
Termites (t): - The first six tergitee are soft and
slightly sclerotised while the seventh and eighth tergitee
are fairly well sclerotised, due possibly to the fact that
they are more often extended beyond the tips of the
elytra. Each of the second to sixth tergites has a
setiferous, punctate, transverse area across its caudal
half and bears a shallow, round pit just inside its
lateral margin.
The exact limits of the tergites are somewhat
difficult to locate, especially when the abdomen is
boiled in caustic potash, because of transverse thick-
enings, one of which extends nearly acooss each of the
second to sixth tergites (Fig. 32, dotted lines). The
actual segments are delimited by intersegmental
membranes, which cause the tergites to appear as folds.
The remnant of the first abdominal tergite (Fig. 23, rt),
attached to the metathoracic postscutellum is not shown
in Figure 31. The rest of the first tergite, separated
from the remnant by an intervening membrane, is narrow,
roundly notched in front, and deeply emarginate laterad.
The two, lateral, sclerotized flaps are characteristic
of this tergite. The second tergite is the widest
(cephalic to caudal) and longest (side to side) of all
the tergites and is chiefly characterized by a thickening
across its cephalic third. Towards each side this
thickening curves in a cephalo-lateral direction and ends
at the cephalo-lateral angles. On each side of the
median line two short arms of the thickening extend
caudad.
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The third to eighth tergites, inclusively, become
narrower and shorter caudad, the fourth, fifth, and
sixth being approximately equal in width. The seventh
and eighth tergites are minutely punctured and pubescent
and the seventh tergite has an almost bare, suboval,
raised area about one-half the distance between the
median line and each side of the tergite near its
cephalic margin. A narrow region along each side of the
eighth tergite is sparsely pubescent and the sides are
slightly inflexed.
Pleurites (p) : - The pleural membrane (plm) unites
the outer margin of the tergites with the inner margin
of the pleurites and is continuous with the interseg-
mental membranes. These sclerites merge indistinguish-
ably with the pleural membrane and their limits are not
always clearly demarked. The pleurites are narrow,
pubescent, sclerotized regions, lying adjacent to and
above the sternites, and occur on the third to seventh
abdominal segments.
Sternites (s): - The entire ventral surface of the
abdomen (venter) as well as the dorsal extensions of the
second to seventh sternites, inclusive, are pubescent*
The second stemite is narrow, slightly sclerotized
ventrad but is represented laterally and dorsally by a
small, fairly well sclerotized serni- thimble shaped
sclerite (s 2).
The third aternite is reflexed and noticeably
hollowed out on both aides to form the caudal portions
of the meta thoracic coxal cavities. A divided, median
keel is formed between the two cavities and this tends
to separate the coxae. The sternites become gradually
shorter caudad and the fourth to sixth, inclusive, are
subequal in width. The cephalic margin of each
sternite, except the second and third, slightly
overlaps the caudal margin of the preceding sternite
(see broken lines in Figure 31). The caudal portion
of the seventh sternite is reflexed and closely
appresaed to its upper surface. This reflexed surface
is glabrous and shiny except at its caudal margin, where
it is pubescent.
Genitalia ; - The genitalia consist of portions of
the ninth abdominal segment although many authors
include the eighth. The eighth segment has therefore
been figured together with the genitalia proper in order
to show its relationship to the other terminal abdominal
segments. The interpretation of the genital structures
of the Coleoptera is still somewhat of a problem although
steps in the right direction have been taken by Sharp and
Muir, 1912; Newell, 1918; Muir, 1924; pruthi, 1924a, b;
and Tanner, 19 27.
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In general the views of Sharp and lluir, 1912, for
the male, and Tanner, 1927, for the female, have been
accepted for this paper. The main difficulty has been
relative to the location and proper naming of the tenth
tergite. Newell, 1918, separated the dorsal plate,
which I call the ninth tergite (t 9), into a ninth and
tenth. It is possible that some portion of this sclerite
is really the tenth tergite, but I can not see any good
reason for naming the slightly sclerotized portion of
this tergite the tenth tergite, as Newell does.
Pruthi's excellent treatises, 1924a and b, on the
postembryonic development of a tenebrionid have helped
materially in deciding the homologies of the various
genital appeandages as well as the questions concerning
the position of the tenth tergite. Pruthi interprets
the anal segment as the tenth, as does Mulr, 1924, and
this seems the most logical conclusion.
Female (Figs. 33-35, inclusive): - The ninth tergite
(t 9) is a somewhat circular plate, concavely emarginate
in front and with a large, slightly sclerotized, more or
less central area. The heavily sclerotized lateral arms
of this sclerite almost touch each other caudad.
According to Newell, 1918, this central area represents
the tenth tergite wnile Tanner calls the entire plate the
proctiger, which morphologically is the dorsal plate of
the tenth or anal segment.
On each side of the ninth tergite is the subtri-
angular sclerite or surstylus (ss) of Crampton, 1989.
These were called the paraprocts by Tanner, but since
they are really appendages of the ninth segment can not
be so termed. The surstyli are slightly sclerotized
caudad and are connected ventr=id to the "valvifers"
(vf) by a bridge which is only slightly sclerotiaed
caudad. According to Crampton, 19S9, the so-called
"valvifer" in some Coleoptera may be a detached portion
of the coxite ( c ). It is an irregular sclerite which
is notched caudad. This notch (vn) fits over the
coxite in such a way that it forms an articulation
point (pivot of Balfour-Browne, 1909).
The coxite ( c ) is composed of two portions, a basal,
irregular portion and a slender, finger-like, apical
portion, which bears a terminal stylus. The stylus (st)
is cylindrical with a recurved apical seta. Ventrad
Q*n ^h segment is terminated by a structure which
Balfour-Browne, 1909, called the ventral grooved plates
(vp) . These plates form an apparently paired structure
the parts of which are fused along the median line and
are grooved dorsally to receive the coxites when at
rest. The plates are slightly sclerotized except for
a narrow lateral band near their base and for the region
along the ventral median line, but even these areas are
not heavily sclerotized. The caudal margin of each
groove is bordered with fairly long setae.
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According to Balfour-Brown©, 1909, muscles attached
dorsally to the bases of the spinnerets (coxites and
styli) draw back the spinnerets and they pivot on the
"valvifers." In the state of rest the spinnerets are
concealed for about one-half their length by the
immovable grooved ventral plates.
Male (Figs. 36-38, inclusive): - In the male there
is a dorsal plate (t 9) similar to the one present on the
ninth tergite of the female. The main difference in
this dorsal plate depends upon the fact that, in the
male, it is united with the lateral plates of the ninth
abdominal segment. Each lateral plate extends below and
is joined by means of a cephalo-ventral arm (h) to the
posterior end of an everslon rod (vr) lying in the
connecting membrane fern) on each side of the ninth
sternite (s 9). The ninth sternite (s 9) is rounded,
weakly sclerotized at both ends, and notched laterally
just beyond its middle.
According to Pruthi, 1924a, the median lobe (ml)
together with its dorsal plate (k) constitute the aedeagus
while the lateral lobes (11) are homologous with the
parameres . Pruthi »s very valuable researches on the
larva and pupa of Tenebrio moli tor L. showed that the
median lobe and the lateral lobes developed from an
originally single pair of appendages in the region of a
genital pocket between the ninth and tenth sternites.
The basal piece or tegmen (bp) also develops in this
region as an evagination of the bottom of the genital
pocket during pupation.
The ejaculatory duct (j) arose from the fusion of
the originally paired median lobes along tee entire
extent of the aedeagus. The gonopore or median orifice
(to) of the ejaculatory duct is located ventrally at the
caudal end of the median lobe. a strengthening ring-
like sclerl te (f ) surrounds the gonopore and a ventral
rod (r) extends from the cephalic margin of the median
orifice along the mid-ventral line about as far cephalad
as half the length of the median lobe.
Spiracles (sp): - The structure of the spiracles
really calls for an additional study since they are so
intricate and important in the life of this water beetle.
Brocher, 1912, made an excellent contribution to this
phase of the problem when he reported his anatomical and
physiological studies on Hydrous piceus L»
The position of the first three spiracles has already
been described but for the sake of clarity will be
repeated here. The first or meso thoracic spiracles (sp 1)
are located ventrally in the intersegmental membrane
between the pro- and meso thorax, and the opening is
closely guarded by feathery prolongations. The second
or metatooraclc spiracles (sp 2) consist of simple,
annular peritremes with no guarding structure. Each
lies in the membrane just above the mesothoracic kat-
epimeron. The third spiracles are the first abdominal
£air (sp 3) and they have assumed a dorsal position in
the membrane just laterad of the first tergite and
behind the postalar bridges (pb) . According to the
researches of 3rocher, 1912, the function of the first
pair of spiracles is primarily for inspiration since
they are best fitted for filtering the air on account
of their guarding prolongations. The second and third
pairs, being deprived of all protective structures at
their entrances, were considered by Brocher as mostly
expiratory. However, Hydrophi lua obtusatus has short
prolongations at the opaninrs of the third spiracles
(Fig. 22, sp 3). According to Brocher the rest of the
spiracles, not including the seventh and eighth
abdominal spiracles (sp 9 and sp 10) to which Brocher
does not refer, are both inspiratory and expiratory
but probably are rarely inspiratory on account of their
less developed prolongations.
The spiracles of the second to sixth abdominal
eegments (sp 4 - sp 8, inclusive) are dorsal and lie in
the pleural membrane (plm) on each side of the second
to sixth tergites inclusive. They diminish slightly
in size caudad and are rounder than the first three
spiracles. The seventh abdominal spiracles (sp 9)
are very small and almost impossible to find as are
the eighth (sp 10) which are merely sclerotized
tubercles. The former are just laterad of the
seventh tergite while the latter are at the sides of
the intersegmental membrane between the seventh and
eighth abdominal segments (Fig. 85, sp 10). It is
probable that these last two pairs of spiracles are
non- functional
.
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VIII. Plates
Abbreviations
A Anal vein
a anal cross vein
aa anterior arn
ab abductor
ac acetabulum
ad adductor
ae elytral apophysis
aer anepimeron
aet anepi sternum
afs antenno-frontal suture
ag apodeme
al jugalula (alula)
am posterior or sutural margin
an anus
anp anterior notal process (suralare)
ant antenna
ap anterior piece
as antero-lateral series
axe axillary cord
b body of tentorium (corpotentoriura)
ba basisternum
be basanal ossicle (basanale)
bg basigalea
bp basal piece (tegmen)
bs basistipes
C Costa
c coxite
ca cardo
cc coxal cavity
ce neck (cervi*)
cf pleural coxal process (coxifer)
cl claw (unguis)
cm connecting membrane
cn condyle
cp coxal process
cs clypeal suture
Cu Cubitus
cu-a cubito-anal cross vein
cx coxa
d dorsal arm
dg distigalea
di digitus
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e compound eye
ed endodorsum
ei epipleuron
era elytral margin of jugalula
ep epipharynx
es epicranial suture
f ring-like sclerite
fe femur
fp fronto-poatclypeus
fs furea sternum
ft fureal arm
fu fureal pit
g gula
ge gena
gp gular pit
gs gular suture
gss gulo-submental suture
h cephalo-ventral arm (tergite 9)
i axillary sclerite
in subnotal suture
ip lateral cervical plate (lateral cervicale)
is interocular series
j ejaculatory duct
k dorsal piste of median lobe
ker katepimeron
ket katepis ternura
I labrum
la lacinia
lg ligula
II lateral lobe
Ira anterior or lateral margin
lp labial palpus
M media
ma molar area
m-cu medio-cubital cross vein
md mandible
me metanotal groove (median)
mek metasternal keel
mg glossa
ml median lobe
mn menturn
mo second axillary sclerite (median ossicle)
rap maxillary palpus
ms medistipea
msk me80sternal keel
mta metasternal spine
mu muscle disc
n. precoxal fold or suture
nra notal margin of jugalula
nt 1st axillary sclerite (notale)
oc occiput
od occipital condyle (odontoid process)
of occipital foramen
pleurite
parietal sclerite
postalar bridge (postalare)
precoxal bridge (antecoxale)
prepectus
palpifer
postgena
prephragma
parocular sclerite
palpiger
pleural membrane
parocular suture
prementurn
pseudopleuron
posterior notal process (adanale)
posterior arm
posterior piece
postphragma
paraglossa
parascutellum
prealar bridge (prealare)
paras tipes
pre scutum
postscutellum
pretarsal process
postcoxal bridge (postcoxale)
r Radius
r ventral rod
r-m radio-medial cross vein
H fl stem of radial sector
r! remnant of first abdominal tergite
P
pa
pb
pc
pe
Pf
P8
ph
Pi
pig
pirn
pis
pm
pn
pnp
po
PP
pph
pr
prs
prt
ps
psc
psl
pt
px
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8 3 terni te
Sc Rubcosta
sc scutum
sh pronotal shelf
8i scutal incision
8l scutellum
slm scutellar margin
am submentum
an spiniferous margin
sp spiracle
sr scutellar ridge
ss surstylus
st stylus
su pleural suture
sul subalar plate (subalare)
t terei te
ta tarsus
te tendon
tc trochantral cavity
ti tibia
tis tibial sour
tn trochant in
to median orifice (gonopore)
tr trochanter
V vertex
vf "valvifer"
vn articulating notch of "valvifer
vp ventral grooved plate
vr eversion rod
w wedge cell
wp wing process
X corrugated area
y precervicale
z postcervicale
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Explanation of Figures
Figure 1. Head, dorsal view.
2. Head, ventral view.
3. Left mandible, lateral view of proximal portion,
4. Left mandible, mesal view of proximal portion.
5. Right mandible, dorsal view of proximal portion,
6. Right mandible, ventral view.
7. Left mandible, ventral view.
8. Right antenna, ventral view.
9. Endoskeleton of the head from above.
10. Labrura and epipharynx, ventral view.
11. Right maxilla, dorsal view of distal portion.
12. Right maxilla, ventral view.
13. Labium, ventral view.
14. pro thorax, ventral view.
15. Coxal process, ventro-mesal view.
16. Coxal process and trochantin, dorso-lateral view.
17. Right prothoracic trochanter, in situ,
ventral view.
18. Right prothoracic leg, caudal view, female.
19. Right prothoracic claw, caudal view, male.
20. Lateral cervical plates, lateral view.
21. Internal view of sternum and pleuron of the
meso- and me ta thorax, together with fureal
processes. Right side only.
22. External view of same sclerites as shown in
figure 21.
23. Me tathorax, dorsal view.
24. Left jugalula, dorsal view.
25. Mesothorax, dorsal view.
26. Left elytron, ventral view.
27. Left elytron, dorsal view.
28. Right win'r, dorsal view.
29. Left meso thoracic leg, cephalic view, female.
30. Left metathoracic leg, cephalic view, female.
31.
32.
Abdomen, ventral view, female.
Abdomen, dorsal view, female.
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Figure 33. Terminal abdominal segment, dorsal viewfemale • *
34. Terminal abdominal segment, ventral viewfemale. '
Terminal abdominal segment, lateral viewfemale
.
35.
36. Terminal abdominal segment, dorsal view
male. '
37. Terminal abdominal segment, ventral view
male. *
38. Ninth abdominal sternite and adjacent
sclerites, ventral view, male.
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I .—INTRODUCTION
In this country very little attention has been devoted to the biology
of the water beetles of the family Hydrophilidse, and there exists a woe-
ful lack of knowledge concerning the immature stages. A general sur-
vey of the aquatic members of the family was begun by the author in
the spring of 1914 and has been continued until the present time.
Primarily the New York State species, especially those occurring in the
vicinity of Ithaca, have been dealt with but the collection of the United
States National Museum (which consists mostly of European material)
has also been examined. All the genera here discussed have been reared
by the author. Some specimens of the genus Hydrous were furnished
through the courtesy of Dr. Robert Matheson of Cornell University.
Throughout this paper the classification as given by the European
authors has been maintained as far as advisable, the grouping in use
in this country not having been influenced by the recent work of foreign
authors.
For help toward the completion of this paper, I am greatly indebted
to the following men: Dr. J. G. Needham, who personally directed this
work; Mr. F.. E. Wintersteiner, who so willingly helped in the identifica-
tion of the adults; Dr. Adam Boving of the United States National
Museum, who gave valuable suggestions in regard to the larvae, descrip-
tions and drawings; and Dr. L. 0. Howard, who kindly placed the
specimens of the United States National Museum at my disposal.
A set of the material upon which this paper is based is deposited in
The American Museum of Natural History.
Historical
The Hydrophilidse as a distinct group was first recognized by Latreille
1
when, in 1804, he applied the name Sphseridiota to this family. The
earliest data found concerning the biology pertain to the genera Hydrous
and Hydrophilus. This was presented respectively by Frisch in 1721
and Roesel in 1749. Until the middle of the nineteenth century very
little was added; and it was not until Schiodte's Monograph in 1861
that any collected work of note appeared.
The little work that has been done in this country upon the natural
history of this group of beetles consists only of scattered observations
on the larger species. Life histories of American forms have been con-
'Latreille, 1804, Hist. Nat. Crust. Ins., X, Ann. XII, p. 48.
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tributed by Carman, Riley, and Matheson on Hydrous triangularis;
by Wickham on Tropisternus glaber; by Wickham and Bowditch on
Hydrocharis obtusatus; and by Boving on Hydroscapha nutans.
In Europe there has been more activity. The work of Schiodte,
1861-1872, stands foremost and his results have been well supplemented
by that of Balfour-Browne, Megusar, Miall, Planet, Duges, Reitter,
Ganglbauer, and d'Orchymont. Schlick, Wesenberg-Lund, and Boving
in Denmark have reared much important material, most of which has,
through the efforts of Dr. Boving, been deposited in the National
Museum at Washington. They have, however, published very little of
their results.
The most valuable papers of today are those of Ganglbauer and
d'Orchymont, The former's paper gives a lengthy survey of the family,
based on the life histories as well as on adult structures. The latter's
work presents new life histories in a number of genera, careful descrip-
tions and figures, a discussion of the larval breathing apparatus, and a
generic key to the known, larva?. Balfour-Browne has given the most
complete treatise on any one species. He treats the entire life history of
Hydrobius fuscipes from egg to adult, describing each stage and its
biology in full and accompanies the whole with excellent figures.
It seems advisable to mention only the most important authors at
this point. The others will be considered under the biology of the
separate genera.
1920] Richmond, Studies on the Biology of the Aquatic Hydrophilidce 5
Table of known life histories of aquatic Hydrophilidce
{American genera)
Name Egg
Helophorus
1. aquaticus Linn.
2. granulans Linn.
3. rufipes Bose.
4. viridicoUis Steph.
5. schmidti Villa
6. urticans Fald.
7. lacustris Lec.
8. sp. ?
Limnebius
1. truncatellus
Thumbg.
2. discolor Casey
Ochthebius
1. punctatus Steph.
2. subinteger Muls.-
Rey, subsp. le-
jolisi Muls.-Rey
3. quadricollis Muls
4. impressus Marsh.
5. steinbuehleri Reitt
6. tuberculatus Leo.
7. sp. ?
Larva Pdpa Investigator
Incomplete
Schiodte
Schibdte
Ferris
Zambeu
Zambeu
Ganglbauer
Author
Author
Noted but not
desc.
Country
Date
Denmark,
1862
Denmark,
1862
France,
1876
France,
1894
France,
1894
Austria,
1904
United States,
this paper
United States,
this paper
d'Orchymont
Author (descr.
in part)
Noted but not
desc.
Haliday
[Mulsant-Rey
\ Fauvel
d'Orchymont
Ray
d'Orchymont
d'Orchymont
Author
Author
France,
1915
United States,
this paper
England,
1856
France, 1861
France, 1865
France, 1913
France, 1887
France,
1913
France,
1913
United States,
this paper
United States,
this paper
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Table of known life histories of aquatic Hydrophilidce
{American genera)
Investigator
Country
Name Egg Larva Pupa Date
Hydrcena
1. pennsylvanica
* * Author United States,
Kiesw. this paper
Hydroscapha
1. natans Lee.
* * * Boving United States,
1914
Hudrochous
1. squamifer Lec.
* * Author United States,
this paper
Hydrophilus
Roesel Germany,
1749
1. caraboides Linn. * *
*
• Lyonnet France, 1832
Denmark,
Schiodte 1862
2. obtumtus Say * Bowditch Mass., 1884
* * *
* * * Author New York,
this paper
Tropisiernus
1. lateralis Fabr.
* Duges Mexico,
1884
2. <?fa6er Herbst * * Wickham UnitedStates,
(Iowa), 1893
* * * Author UnitedStates,
this paper
Hydrous
1. piceus Linn. * * * Miger France,
1809
2. aterrim us Eschsch * * Schiodte Denmark,
1862
3. triangularis Say * * [Garman UnitedStates,
1881
* * [Riley UnitedStates,
1881
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Table of known life histories of aquatic Hydrophilida
(American genera)
Name Egg Larva •Pupa Investigator
Country
Date
Serosus
1.
spinosiis Stev.
2.
signaticollis
Charp.
3. striatus Say
4. peregrinus Herbst
*
*
*
*
*
*
*
* £jchiodte ' 1
Schiodte 1
Brocher
\uthor
4uthor
Denmark,
1862
Denmark,
1872
France, 1911
United States,
this paper
United States,
this paper
T nnrnhl lift1,111 < Dl l lO
1. sp. ?
2. agilis Randall
*
*
* *
d'Orchymont
Author
France,
1913
United States,
this paper
A n pit itn/i ft etc f C(-t
1. d;»6a«a Fabr.
2. infuscata Motsch.
*
*
*
d'Orchymont
Author
France,
1913
"United States,
this paper
Paracymus
1. rcneus Germ.
2. subcupreus Say
* *
Incomplete
*
Zambeu
Author
France,
1894
United States,
this paper
Hydrobius
1. fuscipes Linn.
2. globosus Say
*
*
*
*
*
*
*
*
Incomplete
Cussac
Schiodte
Balfour-Brown
Author
France, 1855
Denmark,
1862
2 England,1910
United States,
this paper
Chata rthria
1. aim Le Conte Und escribed. J
s Bulletin American Museum of Natural History [Vol
Table of known life histories of aquatic Hydrophilidai
{American genera)
Name Egg Larva Pupa Investigator Country
Date
Helochares
1. lividus Forst.
2. macuhcolhs Muls. * *
Incomplete
[ Cussac
jSchiodte
Author
France, 1852
Denmark,
18G2
United States,
this paper
Cymbiodyta
1. fimbriate Melsh.
2. blanchardi Horn *
*
*
*
*
Author
Author
United States,
this paper
United States,
this paper
Helocombus
1. bifidus Lee. Undescribed.
Philydrus
1. testaeeus Fabr.
2. perplexus Lec.
3. nebulosus Say
4. ochraceus Melsh.
5. cinctus Say
6. hamiltoni Horn
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
Schiodte
Author
Author
Author
Author
Author
Denmark,
1862
United States,
this paper
United Stattej
this paper
United States,
this paper
United States,
this paper
UnitedStates,
this paper
Methods of Collecting
The majority of these beetles live at the water's edge and, if the
soil, grass, or other vegetation is stirred rapidly or washed briskly with
the water, the Hydrophilicls will soon be released and come to the surface.
They can then be easily gathered by the hand or, if small enough, by the
forefinger. They do not become submerged immediately as do the
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Dytiscidae but swim about on the surface until they regain shore or
find some plant to aid them in descending. An examination of the
banks adjacent to the collecting grounds at the time of transformation
will offer good collecting because often the larval skin, pupal skin, and
adult may be procured in the pupal cell at one time. Some of the
species are attracted by arc lights during warm nights and, in fact, it is
there that Hydrous is most frequently obtained.
Methods of Rearing
The isolation, according to species, of adults, which readily lay eggs
in captivity, proved the best method of acquainting oneself with the
immature stages. Newly hatched larvae are thus easily obtained. The
most advisable temporary aquarium for such work seems to be a small
stender dish. A small stone, half submerged in the water and draped
with Cladophora gave excellent conditions for egg laying, especially for
the smaller beetles which, as a rule, lay their eggs in moist places and
not directly in the water.
For larvae, larger containers produce better results. Moreover,
they should be arranged as aquaria-terraria, for many of the adults and
larvae spend most of their time on shore. In preparing this, it is best to
get some mud from the bottom or edge of a pool and, after placing it in
the container to the depth of about an inch, slope it up gradually so
that it forms a miniature bank. The bank end should be normally high
enough so as to be a little dry on the surface. Cladophora and money-
wort make the best plant materials because of their cleanness and last-
ing qualities. As a rule, the container should be filled so that the bank is
covered and then placed in the sun. In a few clays, the time depending
on the conditions in the pool where the mud was obtained, numerous
entomostracans destined to be food for the future larvae will be present.
The vegetation is then added.
The larvae, when fully grown, seem restless and try to crawl out.
If the time for transforming has arrived, they rapidly burrow down and
form their pupal cells. Some, however, pupate on the surface of the
terrarium, evidently not liking the conditions below. Slightly moist
earth seems to be the most natural substance for the terrarium and an
inch or so depth will suffice. If not too deep, they will often make their
cell next to the glass container, where it is favorable for observation.
10 Bulletin American
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II.—LIFE HISTORY AND BIOLOGY
General Survey
Without doubt, the water-scavengers are the most
abundant of our
water beetles In this respect they are
approached only by the Dytiscidse
which are better adapted to aquatic life. The
smaller members of this
group are very numerous, and yet are often
overlooked.
Their most common habitat is within the
confines of some little
pool which, as the seasons progress, becomes
filled with alga and other
aquatic vegetation. Nevertheless, all the
species may be taken in
rapidly flowing streams but usually near the bank in
debris, moss, etc.,
or in protected bays, where the water flows the
slowest. One isolated
record shows the capture of Cymbiodyta fimbriate
beneath some falls in
a bed of moss. The genera which are best adapted
for living at some
depth and under harsher conditions than the -others are
Hydrous, Tropi-
sternus and Berosus.
The adult is chiefly herbivorous. It feeds mostly on the lower plant
forms such as alga;, but does not seem to be
restricted to this diet.
Decaying vegetation is its most popular food and it
feeds readily on
dead animal tissue (earthworms, larva;, etc.).
It is an air breather, though much of its time is spent below the
water To obtain air 1 the beetle comes to the surface
and extends its
pubescent antenna above water. They are then folded under the
head
and the air which has gathered on the antennae is passed
on to the hairs
of the prothorax. Inspiration takes place by means of the
pro-meso-
thoracic spiracles only. The air passes through the tracheae
and, as
fast as used, is expelled through the other seven
pairs of spiracles. It
then spreads over the ventral side of the abdomen, where
it is held as a
film by the hydroscopic hairs. Thus the characteristic air film
is formed.
When a fresh supply is needed, the used air is passed along the prothorax
to the antennae again and the process repeated. Continual
contraction
and expansion of the body accompanies this breathing process.
Most of the Hydrophilidae hibernate as imagines. It
would be
hard to tell where all of them spend their winter but a number
of the
species have been found in the bank a few feet from the water.
They do
not burrow down very deeply but remain near the surface,
apparently
in readiness to enter the water during any warm spell. An
examination
of the beetles which were taken from the bank or in early spring
often
iBrocher in his excellent pape:;r (1913) carefully explains the respiration
of Hj/drophilu*.
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showed their bodies to be covered with many mites. Species of
Podophrya and of Epistylus were also quite frequently observed upon
them. Their lack of activity evidently allowed these harmless epizoans
to gather on them; after a few days in the aquarium, they were lost.
The principal egg-laying months are May and August, although
the egg-cases of some species may be found during the entire summer.
The eggs, usually placed in "cocoons" (better called egg-cases) of silken
structure, hatch out in about seven days. Many eggs are laid by a single
individual, thus making up part of the enormous mortality which occurs
among the young larvae.
The silken material which protects the eggs is secreted by the female
from glands located in the caudal end of the body. It is applied by the
two spinnerets in a manner very much resembling the way a paint brush
is used. A continuous flow of silk is laid clown at each turn. According
to Miger. there are in Hydrous three secretions, each of which has a
different use. The first for loose spinning is used for covering the
individual egg; the second for constructing the egg-case; and the
third to form the mast at its tip. The function of this mast is a problem,
although many suggest that it aerates the case. Several genera place
their cases or single eggs below water, so that this supposition does not
appear entirely plausible.
The larvae, when first appearing, are whitish in color, except for
the reddish pigment of the ocular areas, but soon the chitinized portions
of the body darken. The first duty of the aquatic larvae is evidently to
get what is called an "air drink." They lift thpir heads above water
and, with the aid of a pharyngeal pump, draw air into their alimentary
canal. Air is also taken into the tracheae through the stigmatic atrium
which rests upon the surface film. By thus supplying their bodies with
air the larvae become buoyant. Otherwise they would be heavier than
water and soon sink, dying because of lack of oxygen..
The larvae are carnivorous and cannibalistic as well, the different
genera varying in their greed. The young larvae feed upon small organ-
isms (entomostracans, 1 Tubifex, leeches, etc.) and increase the size of
their prey as they themselves increase in size.
The full-grown larva feeds readily on pollywogs, annelids, fish, and,
in fact, almost anything that it can overcome or that is fed to it. It
lies in wait for its prey with its jaws extended widely and, as a rule, is
half in the water and half out, the caudal end being out. When it begins
'Hduphorus ms observed feeding on Simocephnlus, Cypris, Cypritlopsis, Cyclops, and Canthocampus.
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eating the larva lifts its head out of
the water and manipulates its food
by means of the mouth-parts. The
labium and maxdlae are used as
aiiides and to hold the prey while the
mandibles macerate it. The legs
pL no part in the handling of the food. Prediction occurs and the
dissolved food is then drawn into the
mouth by the suction of the
nWvnx * There is neither lock to the mouth nor tubes m
the mandibles
suchasare found in the dytiscid larva.
This method of feeding refers
only to the aquatic larvae of the family
and to Helophorus I have not
observed the feeding of the other,
terrestrial forms. According to
d'Orchymont, however, predigestion apparently
does not take place in
them.
There are usually two molts occurring
during the larval period,
which lasts one or two months. Hydrobius
1 evidently proves an excep-
tion to the rule, as its larva, are
found nearly full-grown in the ear y
soring and even then do not transform
immediately. The typical y
aquatic larva grows very rapidly and the first
two instars take only
about a fortnight, Most of its life is, therefore,
spent in the third or last
When ready to pupate, the larvae leave the water and
burrow m
moist earth, often under stones or sticks, where
they mold a cell slightly
larger than the pupa to be formed. In the
prescribed time (3-7 days)
the pupal skin is ruptured and the adult emerges
soon after but usually
remains in the cell until fully colored.
Explanation of Terms Used
In order that the terms that are used in the
technical descriptions
may be understood by the reader, a brief explanation
of them is given
here and illustrations of typical structures are
shown in Plate I. No
work has yet appeared in this country which deals
with the difficult
structures of a campodeiform larva such as we find
m^ f™'
Hopkins' paper on Dendroctonus has proved very useful
but the struc-
tures of that type of larva have not been compared
with those oi
hydrophihd type. I have, therefore, used, for the most
part the ten
employed by European writers. D'Orchymont does
not discuss the
various terminologies, except in regard to the
stigmatic atrium, flow-
ever, his labeled figures of the mouth-parts and his
numerous notes a d
materially in giving one a clear understanding of his
interpretation
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the various structures. Dr. Boving, who has studied the attachment of
muscles in larva?, has kindly offered valuable suggestions as to the homol-
ogies of the abdominal folds.
The fully developed and typical hydrophilid egg-case consists of
the egg-case proper, containing the eggs; a cap covering the entrance
to the latter and a projection continuous with the cap, which may be
either a horny mast, tube, or filament. In giving the measurements of
the case, the cap has always been considered as one end of the case.
The head of the larva may be inclined, horizontal, or elevated,
with respect to the axis of the body, depending upon the shortening or
lengthening of its upper or lower side. The epicranial suture, which
may be present or absent, is formed by the union of the frontal sutures
along the median line. The gula is the sclerite to which the submentum
is attached. The epistoma is the sclerite just behind the clypeus and
its lateral expansions attain the front margin of the head just lateral
to the labro-clypeus. Schiodte called their angular proj ection the frontal
angle. The upper surface of the mouth region on the under side of the
labium is the epipharynx; and, on the under surface, continuous with
the mentum, is the hypopharynx. Ocular area is the term used for each
of the eye spots behind the antenna? because ocellus is misleading and
must be restricted to the adult. The antennal appendage is a finger-
like lobe borne by the second segment of the antenna, and there may be
two of these appendages. The lacina mobilis mandibuli is a flat unjointed
lobe which the posterior piece of the mandible bears; it is toothed
apically. The molar surface of the mandible is the grinding inner sur-
face near its base. The parts of the labium and maxillae may be seen in
Plate I, figs. 1 and 5. Palpifer is restricted to the palpus-bearing seg-
ment of the maxilla, while palpiger is applied to that segment of the
labium. "Articulating piece of maxilla" refers to the area between the
cardo and the labium upon which the maxilla articulates.
A segment of the larva consists of a tergum, two pleura, and a
sternum. The folds of the abdomen are very confusing and need further
stud}-. I have considered the hypothetical types of the abdominal
tergum as possessing four transverse areas, namely, the prsescutum, two
scuta and a scutellum. The prsescutal area is flat, while the other areas
are represented by transverse folds. Between adjacent segments of the
abdomen, there is a prominent region which is called the "intersegmental
membrane." This may possibly be the postscutellum, but it has not
been considered as such in this paper. The number of folds in this area
is two at the most
14 Bulletin American Museum of
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The spiracular area, which bears the spiracle, is just lateral to the
tergum.
The pleural region is composed of the hypopleurite and the epi-
pleurite, the latter above the former. They are usually fairly distinct
and bear lobes. The sternal region usually consists of
the same number
of folds as the tergal region but is much more complex. As in the latter,
there are corresponding folds known as the presternum, sterna (two
folds) and sternellum.
The stigmatic atrium, or caudal breathing apparatus, offers oppor-
tunity for controversy as to the segments which compose
it, but I have
considered it as formed by the modified eighth and ninth segments.
The procercus is the process of the eighth pleurite; the mesocercus, or
true cercus, is always an appendage of the ninth segment;
the acrocercus
is an appendage of the lateral lobe of the ninth segment
and arises from
its ventral side; and the prostyle ("flotteurs" of Portier),
which pre-
cedes the anus, is an appendage of the tenth segment.
The motory
stylus is a fleshy process of the pupa, resembling a seta.
It may or may
not bear a terminal seta and is usually annulate. The pterotheca is the
pupal covering of the adult wing.
General Characters of the Family (Immature Stages)
The eggs are whitish (brownish in Hydroscapha), oval in shape, and
with a small projection at the anterior end. The eggs, varying in
number from one to one hundred and forty odd, are usually enclosed m a
silken case1 but, in the more primitive forms (Ochthebius,
Limnebius,
and Hydroscapha), the eggs are deposited singly, without any covering
or with one of loosely applied silk. Cymbiodyta and Paracymus lay
then-
eggs in masses but cover them only sparsely with silk. The cases are
either free floating {Hydrous, Hydrophilus) ; attached to water plants or
debris at the surface of the water (Tropisternus, Philydrus,
Hydrobius,
Laccobius, Anccena) ; below water (Berosus) ; embedded in mud, moss,
etc. (Hydrobius, Helophorus); carried on the under side of the
body
(Spercheus, Epimetopus, Helochares, Chcetarthria ?) ; or placed in dung
or
damp earth. The egg-masses of Cymbiodyta and Paracymus and the
single eggs of the more primitive species are deposited under fallen
leaves,
vegetation or stones near the edge of the water.
'Stein, 1847, who found silk glands in many genera, supposed that all eggs were
covered with s.lk
but the degree of covering varies greatly.
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The larva is campodeiform; its head inclined (more primitive
genera), elevated (more specialized genera), or nearly horizontal (Helo-
phorus, Hydrochous); ocular areas in groups of five or six, distant or
aggregated, reddish, round or oval, convex or flattened; antennae three-
segmented, rarely four-segmented (full-grown larva of Hydrous triangu-
laris); epicranial suture present or absent; points of insertion of an-
tennae situated nearer or farther from the externo-frontal angles than
those of the mandibles ; labrum and clypeus well developed and distinct
(more primitive genera) or reduced and fused (more specialized genera)
;
mandibles with lacinia mobilis or sharply pointed and with inner teeth;
maxilla palpiform or with stipes possessing a well-developed inner lobe
;
maxillary palpi three-segmented; labial palpi two-segmented; ligula
present or absent; gula well developed and attaining the occipital
opening or reduced and not attaining the occipital opening; labium
and maxillae inserted in a furrow on the under side of the head (more
primitive genera) or not inserted in a furrow (more specialized genera)
;
legs segmented and with claw-like tarsi, without tarsi (Spheeridium)
,
or legs entirely absent (Cercyon).
Abdomen with nine well-developed segments and a reduced tenth
or eight well-developed segments and reduced ninth and tenth. The
body is usually slightly chitinized. The types of breathing overlap but
there is a marked tendency in each genus towards one of three types
:
holopneustic, apneustic, or metapneustic. The spiracles (one pair of
mesothoracic and eight pairs of abdominal) may be well developed
bifore spiracles (Helophorus), annuliforai spiracles (Ockthebius, Limnebius,
Hydrcena), apparently absent {Hydroscapha) , or poorly developed bifore
spiracles (the remaining genera). Cerci absent (Hydroscapha) or
present as three-segmented or two-segmented appendages; reduced in
the higher forms.
The pupa1 is usually white in color except the eyes, which are red-
dish at first but charige to nearly black before emergence. However,
Tropisternus lateralis and Hydrophilus obtusatus are greenish. The
anterior and posterior ends of the body are incurved and are not visible
from the dorsal side. The integument is smooth, except that it is sparsely
covered with styli. The supraorbital setae are usually present but there
is only one in Hydrous triangularis and none in Tropisternus glaber.
The pronotal styli vary in number and size. There are only sixteen in
'The pupa of the most primitive forms has not been described.
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Helophorus and thirty-two in Hydrophilus. The number seems to be
constant in the Hydrobiinae as all specimens examined had twenty-four
styli. Both the meso- and metathorax have a dorsal transverse row of
two setse. The wings are folded down over the ventral side of the body
and the metathoracic pterothecte may (terrestrial species) or may not
(others)' be visible from above. The first to seventh abdominal seg-
ments each possess, dorsally, a transverse row of four to six styli. The
second to seventh abdominal pleurites each bear a stylus. The cerci
are present and well developed.
Genehal Characters, Life History, and Biology
of the Forms Studied
1. Helophorinse
Egg-case proper continuous with a distinctly hollow tube at the cap end. Many
eggs enclosed.
Larva with the head nearly horizontal, slightly elevated; ocular
areas round, convex, and in groups of six, closely aggregated; antennae with their
points of insertion nearer the externo-frontal angles than those of the mandibles;
antenna! appendages of second segment two in number; epicranial suture absent;
kbrum and clypeus reduced; mandibles stout, sharply pointed, and with distinct
inner teeth; labium and maxilla inserted at the anterior margin of the under side of
the head; maxilla palpiform; palpiger slightly dichotomous at the distal end; gula
reduced and distant from the occipital opening. Abdomen with nine complete seg-
ments, each with tuberclar areas, the tenth distinct but reduced; cerci three-seg-
mented Holopneustic type of breathing with well-developed bifore spiracles.
Helophorus Fabricius
Often taken in company with the common Anccena and Paracymus,
these three genera are the most abundant in the Cayuga Lake basin.
All representatives of this genus may inhabit the same pool but more
frequently the different species seem to be segregated. It is difficult to
distinguish the various species in the field but, as a rule, H. lacustris
may be known by its usually larger size. In addition to it, H. linearis,
H. viridicolUs {lineatus), and H. granulans, named in the order of their
abundance, are found here. Very little work has been done in this
country on the species. They are very close to each other in structure.
Distribution is limited, the representatives occurring only in the pale-
arctic, nearctic, and Central American regions. European authors have
worked extensively on the life histories of Helophorus and they are
listed in the table (page 5), but in America nothing has been done.
However, H. granulans, which Schiodte described, is holarctic.
Egg-cases were taken out-doors in May and June. The cases
were formed in moss or alga near the bank with only the tubular filament
exposed, the egg-case proper being hidden completely. From six to ten
eggs were found in each of the cases. During tlie latter part of May sev-
eral larvae were taken, in company with Anccena larvae, from the under
side of a stick at the water's edge. While the larvae have been observed
eating entomostracans and various other animal tissue, it is worth re-
calling Perris' note that H: rugosus was observed in the stalk of Brassica
preying on a Psijlliodes larva.
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Helophorus lacustris LeConte
Plate II
Two egg-cases were noted deeply embedded in moss at the water-
line and only the tubes were visible. The cases proper were covered
with sand and mud but the tubular filaments were clean and white
Thirteen larva? were obtained from these cases and they made their
escape through the tubes. A preserved case shows three of the larva
in the tube at one time, one behind another. Several other cases
were obtained in the laboratory, where they were laid in some alga which
had been pulled out of the water and placed on the side of the aquarium
A part of the alga was left hanging in the water and this kept the re-
mainder moist.
Egg-case 1 somewhat flask-shaped. Egg-case proper nearly round, measuring
1.69 mm. in width; tube, 0.94 mm. wide distally. The whole 4.84 mm. long- the
opening is obliquely across the end of the tube and extends 1.076 mm. down the side
Newly Hatched Larva.—Length, 2.55 mm.; width, 0.403 mm. Whitish
except chitinized portions, which are brownish with head yellowish in part; integu-
ment more chitinous than in other larvae and with only a few scattered setae.
Head quadrangular, only slightly elevated, dorsal side one-half the ventral in
length, posterior margin with a prominent semicircular emargination; fronto-
clypeal suture weakly indicated, more prominent towards the middle: frontal sutures
converging gradually and joined by a short transverse suture contiguous with the
posterior margin of the head; epicranial suture absent; gula polygonal; gular sutures
confluent; cervical sclerites evidently not present.
Labro-clypeus triangular (subcorneal). Lateral expansion of the epistoma
prominent, similar, rounded, about even- with the anterior margin of the labro-
clypeus and each bearing seven, stout, recurved spines; epipharynx spinous.
Ocular areas in groups of six and closely aggregated; roundish; arranged in two
rows of three each and all equidistant from each other. The hind row set slightly
nearer the median line than the front row.
Antennae short, slightly exceeding the mandibles; first segment about as long as
the second, slightly constricted near the base; second segment widened towards the
tip, obliquely truncate, possessing distally in the membrane a pair of two-segmented,
lobiform antennal appendages on the outer side in addition to a strong seta and two
strong distal setae on the inner side; terminal segment cylindrical, much narrower
than the other segments and provided with several apical setae.
Mandibles symmetrical, prominent, sharply pointed at their tips and with the
inner surface of the anterior piece serrate; two2 inner teeth on each mandible about
equal in size; a strong medio-lateral spine present; molar areas smooth.
The egg-case of H. a'juaticus figured by Schiodte differs greatly from our generic type and I doubt
his accuracy.
-//. granularis has only a single inner tooth.
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Maxillae with palpifer not joint-like; stipes fairly large, swollen, not notice-
ably narrowed towards the apex, only a little longer than the palpifer, its inner
surface provided with a row of five stout setae, another just inside the most distal
one and two slender seta; near the externo-distal angle; palpifer fairly large, a little
longer than wide, bearing an inner stout lateral seta; a slender seta in the externo-
distal angle and a slender cylindrical appendage in the interno-distal angle, exceeding
the first segment of the palpus, with sense-cones and a seta at its tip as well as those
nears its base; palpus cylindrical, tapering slightly with sense-cones at the distal end;
the second segment slightly longer than the other two.
Labium not exceeding the' mandibles, but prominent and just attaining the distal
end of the palpifer; submentum small; mentum not exceeding the tooth of the labro-
clypeus, cylindrical, a little longer than wide, and slightly swollen distally; palpiger
equal to the mentum in length, its sides diverging and forked distally; the palpi,
borne by the two forks, cylindrical and tapering; the second segment about twice as
long as the first and with sense-cones at the tip; ligula absent.
Prothorax with angles obtuse; well indicated, only a little wider than the head,
sides parallel; anterior and posterior of pronotum non-chitinized; sagittal line
present; prosternum chitinized in front and lateral to the coxae. Mesothorax and
metathorax equal to each other in length but shorter than the prothorax and becoming
very slightly narrower than the latter caudally. The nota are entirely chitinized and
each bears a transverse row of four prominent setae. The sagittal line, which continues
throughout the eighth abdominal segment, prominent. A pair of bifore spiracles on
the mesothorax.
Legs fairly long, slightly longer than the thorax is wide; coxae transverse, grooved
laterally to receive the femora; femora a little longer than the tibia?; tarsi claw-like,
about as long as the latter and with no inner setae; the anterior coxae are closer
together than the four posterior coxae, which are about the same distance apart.
Abdomen with nine distinct segments, very slightly narrowed caudally. Anal
segment projecting, short and cylindrical; the first seven abdominal tergites similar
and resemble the meso- and metanota in the arrangement of the setae and their
chitinization. Dorsally a row of four setae on each segment, each seta emerging from
abroad, rough tubercled area, which is chitinized and separated from the others by a
longitudinal furrow or suture. Laterally two similar chitinized tubercled areas, the
posterior one larger and with a seta (both probably correspond with the epipleurite)
;
hypopleurite similar, one-lobed and with a seta. The sagittal suture very distinct as
well as the longitudinal furrows. Ninth segment narrower than the eighth and nearly
twice as long with a prominent lateral seta on each side, corresponding to the seta of
the lateral tubercled areas just mentioned; only the tergite is chitinized. Arising
from the posterior margin are two divergent, three-segmented, cylindrical, tapering
cerci. The first segment bears a ventral and dorsal seta, the second a terminal seta
just below the origin of the third segment, which has a terminal seta as long as the
three segments together. The three segments bear the relation of 16, 12, and 18 to
each other in length. Each spiracle1 is just below and in front of the outer dorsal
tubercled area. First eight sternites with a transverse row of four tubercles, each
bearing a seta which has a small, chitinous plate at its base, and a small seta each
side of the median line near the anterior margin. Three transverse folds are present
'Compared with the other Hydrophilid.T.which possess them.the bifore spiracles are
well developed.
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ventrally, the first ovo-oblong, the second somewhat rectangular, and the third tri-
partite with the middle bilobed, each lobe with a seta, the lateral parts triangular
and with a seta.
Helophorus aquaticus Linnaeus
The identical life history material of this European species used by
Schiodte in his work on this genus is located in the collection of the
United States National Museum but is in poor condition. An examina-
tion of the full-grown larva shows that the sclerites in front of the pro-
coxae are not so prominent as in the younger larvae. The abdomen is
only slightly more strongly chitmized than in the first stage larva and
the intersegmental membranes are present but not prominent. The
seta; are lost in the specimen examined but this may be due to its poor
condition. The following pupal description may well be incorporated.
Ptjpa.—Length, 8.5 mm.; width, 2.00 mm. at its thorax. Whitish (specimen
browned with age). Head smooth and bears two supraorbital styli on each side.
Pronotum smooth, its anterior margin somewhat urilobed and its posterior margin
with a large median lobe. Tne styli 1 are arranged as follows: ten on the lateral and
anterior margins, two of which are on the middle lobe; six on the posterior margin,
counting the two comer ones; no styli are to be seen in the central area of the pro-
notum but may have been destroyed. (Schiodte's figure gives none.) Mesonotum
and metanotum with a transverse row of two setse. Inner spur of metatibia fairly
prominent All tarsi probably ending in a spine but not very clear and tibiae not
noticeably spinous on the outer side. Metathoracic pterothecae conspicuous from
above. First to seventh abdominal tergites with a transverse row of four styli.
Second to seventh pleurites each with a stylus, all arising from small conical tubercles;
eighth tergite somewhat semicircular, the rounded posterior border bearing two styli;
one lateral stylus noted on each side below the eighth tergite; ninth segment with a
pair of short, conical, fleshy cerci about the same length as the ninth tergite. They
diverge only slightly and their sharp tips point inwardly.
2. Limnebiinse
Eggs laid singly with a slight covering of loosely applied silk. Larva with bead
inclined; antennae with points of insertion situated nearer the externo-frontal angles
than those of the mandibles; epicranial suture present; ocular areas round, convex
and in groups of five, not closely aggregated; labrum and clypeus both well developed;
mandibles each with a lacinia mobilis; maxilla primitive with an inner lobe; labium
with short palpi; fleshy ligula present; labium and maxillae inserted in a furrow on the
under side of the head; gula well developed and attaining the occipital opening.
Nine complete abdominal segments each with a ventral and dorsal plate, and a dist inct
but reduced tenth or anal segment. Cerci two-segmented. Holopneustic type
with
annuliform spiracles.
'The basal part of the stylus is short and the terminal seta long.
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Limnebius Leach
D'Orchymont gave the first description of the larva of Limnebius.
The eggs and pupa have not been described.
Limnebius discolor Casey
Three specimens were taken the latter part of June near the bank
of an alga-filled pool. The species is rare and has not been previously
reported from Cayuga Lake basin. It is difficult to recognize in the
field on account of its small size, but closer examination shows clearly
its resemblance to the Hydrobiinse type, with which it was formerly
classed.
The eggs were laid on July 1 by captured specimens and one egg
hatched on July 8. As this was the only larva obtained, it is considered
inadvisable to give a description of it. However, the larva very closely
resembles L. truncatellus, which d'Orchymont carefully described.
3. Hydraeninse
Eggs laid singly. In Ochthcbius with or without a slight covering of looselv
applied silk but in Hydroena covered with a blanket of closely span silk.
Larva as with Limnebiinte.
Ochthebius Leach
Ochthebius offers many interesting structures. 0. tuberculatus is
particularly unique and cannot be mistaken for any of the other species.
Besides 0. tuberculatus, 0. holmbergi and several other undetermined
members occur in the Cayuga Lake basin.
All of them are, in general, quite rare. However, when once located,
many are usually collected in a very small area and one collecting ground
kept me well supplied from late April until winter set in. The soil in
this spot was especially sandy. Upon washing the sand with water and
pulling up and washing the roots of the vegetation which grew there,
many specimens were soon observed floating on the surface of the water
or clinging to floating debris.
Haliday, 1855-6, was the first to figure a larva of this genus, namely,
0. punctatus. The latest and best study is that of d'Orchymont. He
worked out in detail the larva of 0. lejolisi, already described by Mulsant
and Rey, 1861, and worked over by Fauvel, 1865. D'Orchymont also
dealt with steinbuhleri and impressus. Rey, 1887, added 0. quadri-
collix to the list of known larva?.
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Single eggs were deposited on the stones or
algae in an aquarium,
out of water but in moist places. They were either entirely naked or, at
times, covered rather uniformly with loosely
applied silk. The silk
was more compact, however, than in the^ scattered
silk of the Cym-
biodyta egg-masses but not as closely applied as in
the complete egg-cases.
The eggs were most frequent during May but some were laid the first
part of July. From seven to ten days were required for incubation.
The larva? are very different from those of the Hydrobiinse and even
from those of the Helophorinse but are closely allied to the Limnebiina;.
On land, they move very rapidly and almost seem to run. They are
very clumsy in water and doubtless spend their life on land but in moist
situations. According to d'Orchymont, p. 190, the life of the larva
probably lasts only two or three months. Adults of 0. impressus,
which he captured the first of August in order to restock his aquaria,
were not fully colored, thereby indicating their recent emergence.
Ochthebius tuberculatus LeConte (foveicollis LeConte)
Plate III
At times the collecting of this species proved so easy that they
could be picked up almost indefinitely, the collector stopping only to
wash them out, In the middle of September 1916 many were found in
gravelly places which were practically devoid of vegetation. One can
easily recognize them in the water because of their somewhat heart-
shaped abdomen, which often sinks lower than the rest of the body.
Egg.—Length, 0.538 mm.; width, 0.215 mm. Naked or covered with
loosely applied silk which is placed regularly so that the whole is uniform in
shape.
Newly Hatched Larva.—Length, 1.345 mm.; width, 0.242 mm. Whitish,
except the chitinized portions which soon become brown. Integument mih many
inconspicuous setulae as well as regularly arranged seta;, which are fairly long, rigid,
and brownish. „ . ,. , , , , ,
Head well rounded, globular; fronto-clypeal suture fairly well indicated; frontal
sutures converging, uniting behind the middle of the head to form the
epicranial
suture, the whole presenting a Y-shaped appearance; frons somewhat
triangular.
Gula fairly small, constricted laterally, the anterior and posterior anglesproduced
into arms ; cervical sclerites, if present, not noticeable. Epistoma apparently
marked
off from the frons by an irregular group of minute tubercles.
Clypeus fairly distinct, transverse, slightly arched, wider than the labrum
and
with a transverse row of six seta;, Ihe median two widely serarated but the
others
equidistant, near the anterior margin.
Labrum somewhat semicircular with four lateral seta; on each side, the
anterior
one bifurcate, short, and blunt; a stout seta in front of the latter; two,
small,
adjacent tubercles just inside the anterior margin and two others in a horizontal
row
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through middle but widely separated; two set* just posterior and outside theformer
tubercles and two others posterior but inside the latter tubercles, both in a horizontal
off The lateral expansions of the epistoma not prominent. Epipharynx apparently
not spinous.
Ocular areas round, five on each side, not aggregated; the first and second not
een from above, fairly close together and placed one back of the other just behind
the insertion of
the mandible at the side; the third and fourth about the same distance
apart as the first two and located just posterior to the insertion of the antenna, the
fourth more dorsal and posterior; the fifth widely separated from the fourth, more
lateral and posterior.
Antennae three-segmented, 1 fairly long, exceeding the mandibles; first segment
more than twice as wide as long and less than one-third the second segment in length;
latter about the same width, slightly constricted in the middle and with an outer
swelling just proximal to the middle, bearing a small, blunt spine; distal end with four
long setae ; third segment slightly constricted and distally with several prominent setae.
Mandibles approximately symmetrical with broad bases, their tips with several
finger-like processes, the arrangement on two mandibles differing somewhat; lacinia
moUlis present, pectinate distally; molar area with numerous spinules and two
inner teeth in front of it.
Maxillae with palpifer joint-like and seeming to form the first segment of the
palpus; a large internal lobe present, which clasps the stipes on the ventral side and
shows a tendency to be divided distally into two lobes; the outer lobe tapers to a
sharp point while the inner lobe is shorter, blunter, and fringed with a row of stout
set;e distally as well as with several slender setae nearer its base; cardo noticeable
and as broad as the stipes at its union; stipes wider and longer than the palpifer and
with two lateral seta?; palpifer about as wide as long; palpus tapering; second seg-
ment slender and only slightly longer than the first; terminal segment very small
and somewhat flask-shaped.
Labium with palpi barely exceeding the labrum, short; submentum, reduced,
transverse, indistinct; mentum broad but longer than wide, slightly constricted;
palpigcr transverse, slightly forked; palpus short, two-segmented, articulating
membranes well developed; second segment narrower, shorter than the first, its
margin flared distally and with apical seta; and papilla? ; ligula present, barely ex-
ceeding the first segment of the palpus, rounded and furnished with papillae (very
similar to Ldmnebius).
Prothorax with sides and angles rounded, of the same width as the head. Pro-
scutum well developed and entirely chitinized, sagittal line present; anterior and
posterior margins with a transverse row of setae; a median transverse row of setae
and several lateral setae.
Mesothorax a little shorter than the latter, slightly narrowed in front. Meso-
scutum well developed and entirely chitinized, less conspicuously in front; sagittal
line present; a transverse row of seta? just in front of the middle and at the posterior
margin ; several lateral seta?. Metathorax the same. Sterna not noticeably chitinized.
Legs fairly long, about as long as the thorax is wide; coxa? transverse with a
dorsal groove; femora about the same length as the tibiae but a little stouter; tarsi
slightly more than one-third the latter, claw-like and with no inner seta;.
'Articulating membrane at base very prominent but non-chitinized.
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Abdomen with ten distinct segments and narrowed caudally. The first eight
tergites similar and each covered by a dorsal plate, the posterior
angles and margin
of which are rounded; a transverse row of setae at
the posterior margin and a fairly
prominent seta at each side. Eight pairs of small round spiracles present and each
situated in the spiracular area just inside and anterior of the lateral setae. Pleural
groove distinct, Each segment with a ventral plate less chitinized towards the
anterior and with seta; arranged as on the dorsal plate. Ninth
segment similar to the
preceding ones, except that it is slightly longer and the irregular row of seta; are
absent at the posterior margin, inside the insertion of
the cerci. A pair of two-seg-
mented, divergent cerci arise from the posterior margin of the
ninth tergite, their
points of insertion almost contiguous. First segment of
cercus, longer than the anal
or tenth segment, chitinized, constricted slightly
in the middle and with several long
distal seta; besides other shorter ones; second segment slender
but not tapering;
less than one-half the first segment in length and bearing a single, long, terminal seta.
Anal segment cylindrical, longer than wide, banded with chitin, the tip membra-
nous, a row of short seta? around the caudal border of the band and a terminal pair of
stout, recurved hooks directed downward.
Hydrkna Kugel
Only one species, H. pennsylvanica, is found in the vicinity of |
Cayuga Lake. One cannot fail to recognize the members of this genus
because of their long, slender maxillary palpi and almost invariably
hexagonal pronotum.
Hydraena pennsylvanica Kieswetter
Plate IV
The life history of this minute water scavenger has never been
described. The small, elongate beetles are often overlooked unless one
collects especially for them. They are found either in flowing or stand-
ing water and occur most frequently where the shore is muddy or
gravelly. Specimens were collected throughout the spring and summer
at the same special collecting grounds but they proved to be most
numerous in April and May. Once located, the same spot will yield
specimens for the rest of the season. The stock pool for 1915 was one
of the railroad pools, east of the tracks of the Lehigh Valley Railroad,
Auburn Division, and south of Fall Creek, where on April 14 over
forty were taken by washing out the mud at the shore-line. During
late August many of the beetles were observed crawling oyer stones and
pebbles where the water lapped the shore of Cayuga Lake near the
mouth of Taughannock Creek. Their most common associates are
Paracymus subcupreus, Ochthebius tuberculatus, Hy'drochous squamijer,
and Cercyon ocellatus.
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As with Ochthebius, only one egg is deposited at a time. Eggs
were laid in an aquarium during the middle and latter part of April. 1
They were placed on a leaf which rested on a stone, some in the water
and some out but always in a damp situation. Each egg was kept in
position by a blanket-like covering of closely applied silk which exceeded
the egg on all sides and showed its form. The eggs hatch in six to eight
clays, emerging through a narrow, longitudinal slit in the upper side of
the egg-case. The larvae are very rapid walkers and closely resemble
those of Ochthebius, almost seeming to glide over the surface of the stones
when stimulated. They are clearly non-aquatic in their movements,
becoming quite helpless when below the surface film.
Egg.—Length, 0.591 mm. ; width, 0.242 mm. The flare-like margin exceeds the
egg itself about 0.09415 mm. all around and is entire, being onlv slightly irregular.
Newly Hatched Labva.—Length, 1.29 mm.; width, 0.242 mm. Whitish
except chitinized regions which soon become brown; integument with many incon-
spicuous setulae as well as regularly arranged setae which are fairly long, stiff and
brownish.
Head strongly rounded, globular; fronto-clypeal suture weakly indicated, except
at the sides; frontal sutures, converging, unite behind the middle of the head to
form the epicranial suture, the whole presenting a Y-shaped appearance; gula small,
constricted laterally, and its posterior angles extend to form long, lateral arms;
cervical sclerites, if present, not noticeable.
Clypeus fairly distinct, transverse, slightly arched, wider than the labrum and
with a transverse row of six equidistant setae on the posterior half.
Labrum somewhat semicircular with four setae on each side, the anterior one
prominently branched (almost pectinate) while the third pair are strongly bent in-
ward and tapering; anterior margin slightly emarginate with a short, finger-like
appendage on each side, with a seta just behind but a little lateral; four other setae
on the upper side of the labrum; two near the middle and two on the posterior half
but more widely separated. The lateral expansions of the epistoma are not prominent.
Epipharynx apparently not spinous.
Ocular areas round, five on each side, not aggregated; the first and second close
together and placed one above the other just behind the gena
2 and below the base of
the antenna; the third and fourth closely approximated, widely separated from the
latter, and more dorsal; the fifth near the lateral margin of the head and distant
from the fifth.
Antenna; fairly long, barely exceeding the mandibles; first segment about as
wide as long and two-fifths the second segment in length; latter more slender with
two swellings on the inner side, one at the middle, bearing a long seta and one near
the distal end bearing a finger-like appendage besides a long seta; two seta just below
the externo-frontal angle; third segment slender, longer than the finger-like appen-
dage and more than one-half as long as the second with a seta arising from an inner
tubercle near the middle and several terminal seta; mounted on tubercles.
iManv adults were taken in copulo out of doors at this season. .
=The"scferite cB the gena may open some question but it evidently corresponds in position to it.
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Mandibles approximately symmetrical with broad bases, their tips with several
finger-like processes; lacinia mobilis broad and toothed distally;
two small inner
teeth; molar area oval with its surface covered with
numerous spinules and four
small teeth in front of them.
Maxilla? with palpifer joint-like and seeming to form the first segment of the
palpus' a large terminal lobe present, which clasps the stipes
on the ventral side and
is divided distally into two lobes fringed with seta;
the inner lobe with a row of set®
on its inner margin; stipes slightly wider and longer than
the palpifer, which bears
four inner seta- palpus tapering and with the second segment
slender and longer
than the first; terminal segment very small and somewhat
flask-shaped.
Labium with palpi barely exceeding the labrum, short; submentum reduced,
transverse; mentum broad, cordiform ; palpiger transverse, indistinct;
palpus short,
covero-ing 'distally provided with seta? and expanded with a flare-like margin; articu-
lating'membranes well developed; ligula slightly exceeding the first segment of the
palpus, bowl-shaped and with large rounded papilla? at its tip.
Prothorax with sides and angles rounded, of the same width as the head. Pro-
scutum well developed and entirely chitinized; sagittal line present;
anterior and
posterior margins with a transverse row of seta?; a median transverse row of seta;
and a prominent lateral seta on each side near the middle.
Mesothorax slightly
narrower but the same length as the prothorax. Mesoscutum well
developed and
entirely chitinized; sagittal line present; the posterior margin with a transverse row
of seta;, a transverse row on its anterior half and a medio-lateral seta
on each side.
The metathorax the same except that it is a little narrower. Sterna not noticeably
chitinized.
Legs long, about one-half longer than the thorax is wide; coxa? transverse
with a
slight dorsal groove; femora a little shorter than the tibiae; tarsi
claw-like, more
than one-fourth the latter in length, with no inner seta? but each with two incon-
spicuous outer ones.
Abdomen with ten distinct segments and narrowed caudally. The first eight
tergites similar and each covered by a dorsal plate,
1 the anterior margin of which is
straight while the posterior is rounded; a transverse row of six seta? at
each posterior
margin and a prominent lateral seta on each side arising from a small tubercle.
Spiracles situated just inside and anterior of the lateral seta. Pleural groove
distinct.
Each segment with a ventral plate 1 less chitinized anteriorly and possessing a
trans-
verse row of six seta; near the posterior margin besides several others just
anterior.
Ninth segment similar to the preceding ones except that it is slightly longer,
four
inner dorsal seta? are lost, both lateral seta? are more posterior, and the median
pair
of ventral seta? at the posterior margin are set a little more anterior. A pair of two-
segmented, divergent cerci arise from the posterior margin of the tergite, their
points
of insertion distant from each other. First segment of cercus tapering,
longer than
the anal or tenth segment, chitinized, and bearing two dorsal seta? near its
base,
three seta? about one-third the length of the segment from the distal end,
2 and a
terminal ventral one. Second segment small, slender, cylindrical, only
slightly
chitinized, its tip flattened, membranous and bearing a terminal seta.
'The dorsal plate represents the scutum fused with the epimerites while the ventral
plate represents
the sternites fused with the episternites (d'Orchymont). •„„„,,-. it
2The first segment appears to be subdivided but closer examination disproves it.
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Anal segment cylindrical, longer than wide, and banded with chitin, the tip
membranous, a transverse row of seta? anterior of the caudal border of the band and
a terminal pair of stout, recurved hooks directed downward.
4, Hydroscaphinse
Eggs laid singly without a covering of silk.
Larva with inclined head; antenna? with points of insertion situated nearer the
externo-frontal angles than those of the mandibles; epicranial sutures present;
ocular areas round, convex and in groups of five more closely aggregated than
with
the other primitive larva; labrum well developed but clypeus
1 not present; mandibles
small each with a lacinia mobilis and concealed from above by the labrum;
maxilla
primitive with an inner lobe; labium with short palpi; labium and maxilla; inserted
fn a furrow on the under side of the head; gula well
developed and attaining the
occipital opening. Nine complete abdominal segments, and a distinct but
reduced
tenth segment, the chitinized portion of all ten forming a continuous
ring. Tracheal
gills present on several segments. Spiracles reduced so that the
openings cannot be
seen. Cerci absent.
5. Hydrochoinse
Egg-case flat with a single egg enclosed. Larva with head inclined, antenna?
with their points of insertion situated nearer the
externo-frontal angles than those
of the mandibles are; epicranial suture absent; ocular
areas oval and in groups of
ix closely aggregated; labro-clypeus very much reduced, the epistoma
apparently
tt the anterior margin of the head; mandibles prominent,
each with a slender distal
niece terminating in a stout seta; and with a lacinia mobilis;
maxilla palpiform, the
inner side of the stipes with a small swelling; palpifer without
a rudimentary lobe;
labium with short palpi and ligula absent; labium and maxilla;
inserted in a furrow
on the under side of the head; gula small but
attains the occipital opening; eight
complete abdominal segments, and each with a dorsal and ventral plate
Ninth and
tenth segments reduced. Type of breathing pseudo-metapneustic
and the bifore
spiracles are poorly developed.
Hydrochous Leach
As with the genus Helophorus, we find most of the
species very
closely related. However, the rare Hydrochous scabratus,
with its promi-
nently tubercled elytra, is a well-marked species. The most
common
species is H. squamifer but two closely allied and undetermined
species
(possibly undescribed) are almost as abundant. A few specimens
of
H. excavatus ? have also been recorded. The only genus
with which
the collector might confuse the adult is Helophorus but
the former is
easily differentiated in the water by the angular form and
blackish
color, which has a decided tendency to be iridescent
The seven-
segmented antennae and discal fove* of Hydrochous
clearly separate it
from Helophorus with its nine-segmented antenna; and
discal sulci.
SIX
a
'The clypeus may have fused with the labrum.
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In gathering the species, one finds them most frequently in company
with Ochthebius, Hydrcena, Helophorus, Anccena and Paracymus but a
great deal harder to locate, with the possible exception of the two first
named. They seem to cling more tightly to the vegetation at the shore-
line with their rather powerful claws. Standing water with gravelly'
bottoms and little vegetation or muddy pools seem to be their most
common habitat, About fifty were taken the latter part of August 1916
in a lagoon west of the Cornell Biological Field Station. The waters
at that time of the year are filled with Ceratophyllum (hornwort),
Spirodela (duckweed), and Elodea, while cat-tails abound, taking root
in the muddy bottom. Hydrochous was procured at the water's edge by
washing the mud away from the roots of the cat-tails. They came to the
surface immediately and, although very slow in action, they would
quickly become submerged by grasping the vegetation with their claws
unless washed out in deeper water. When their station, which seems to
change each year, is once located they may be captured in large numbers
but, otherwise, only scattered specimens are usually taken. A single
specimen of H. scabratus was procured in Dwyer's Pond by sweeping the
submerged Elodea. When the imagos were placed in the aquarium they
immediately sought the under sides of some stones, below the water,
but when it was placed in the sun they soon came up, seeking the sunny
side. A few days later they were observed eating holes in decaying
leaves of moneywort and Marsilea, leaving only the tough veins.
The life history has not been described and it has proven to be of
particular value in explaining the phylogeny of the family. Although
the larva has a well-developed stigmatic atrium, yet its head and mouth-
parts are quite primitive.
The laying season seems to be confined to the beginning of summer
weather, about the latter part of May and the first of June. From the
fifty imagos taken the latter part of August, not a single egg-case was
obtained. A number of the beetles were taken in copulo on May 10 but
no cases appeared until about May 23. A single egg was deposited at a
time and placed between two layers of closely applied silk. The cases
were fastened down to the alga? or rocks in the aquarium, either above or
below water, and held firmly by the flap and stanchions. One case of
Hydrochous sp.? was particularly well supplied with little stanchions.
The egg-case of this genus is apparently one step forward from the egg-
case of Hydrcena in specialization.
The larva appeared through a rupture in the silk in about seven to
eight days. They were quite at home in the water and the manner in
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which the lobes and cerci, around the terminal spiracles,
spread out
over the surface of the water showed clearly its advanced development.
They are much less active out of water than the Hydrseninae but never-
theless move rapid.
Hydrochous squamifer LeConte
Plate V
Egg-case.—Length of egg, 0.5 mm.; width, 0.2 mm. The case is irregular in
outline and varies in size but the egg is always placed towards one
end of the case,
the two layers of silk meeting to form a flap at the other
end.
Newly Hatched Larva.—Length, 1.8-1.9 mm. ; width at the thorax, 0.21-0.24
mm. Whitish except chitinized regions which soon
darken; integument with many
inconspicuous setula:. Body somewhat cylindrical.
Head strongly .rounded, shorter than wide, nearly horizontal; fronto-elypeal
suture not visible; frontal sutures converging as far
back as the middle of the head
but then slightly diverging and not uniting to form the
epicranial suture, the frons
therefore concave at the sides; gula small, its posterior
angles extended to form long
lateral arms; cervical sclerites, if present, not
noticeable.
Labro-clypeus very much reduced, the epistoma apparently at the anterior
margin of the head, nearly straight in front, no toothed
lobe present but with a trans-
verse row of eight seta? at the anterior margin arranged in
two groups of four equi-
distant from the median line; area immediately behind the
latter bearing numerous
seta: mounted on minute tubercles. Lateral expansions of
the epistoma not promi-
nent, rounded, and similar. Epipharynx with setae on small
tubercles; ocular areas
iu groups of six, oval, closely aggregated, arranged
somewhat in a circle the third
and fourth slightly distant) with their longitudinal
axes emanating from the center.
\ntennaj fairly short, reaching only to the middle of the palpifer;
first segment
stout slightly concave on the inside and slightly convex
on the outside, about one-
third' longer than wide; second segment less than
one-third the latter m length,
narrower, a little longer than wire and bearing distally a
finger-like antennal appen-
dage in addition to the third segment; the latter not
quite as long as the second seg-
ment and about as long as the appendage but alittle wider
and bearing
^^ed
cones. The intersegmental membranes separating the
segments are well developed
and allow the last two segments to be telescoped.
Mandibles symmetrical, the anterior pieces fairly slender,
only slightly tapering
the tips membranous and each bearing a short recurved seta;
moto sieger
and brfid at the tip; a single, sharply pointed inner
tooth just in front of the molai
area; latter setiferous.
.
Maxite with palpifer joint-like, stipes large, sides
parallel the
^
inside w> h a
prominent swelling surmounted by a group of set*; palprfer
shortei hnt eqiu
m
width, about as long as wide, swollen, three prominent
inner set* m addi on£many
small seta, mounted on minute tubercles, which cover the
ms.de ot the st^es *rweU
palpus tapering slightly, the second segment longer than
the first but shorter than the
thimble-like terminal segment which possesses apical
sense-cones.
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Labium barely exceeding the stipes of the maxilla, union
of subtnentum and
mentum not clear but submentum probably small while mentum
is longer and cordi-
fornr palpiger about as long as wide, cylindrical;
palpus short; the first segment
about one-half the second, which has small distal seta? that
are mounted on minute
tubercles. Ligula absent.
Prothorax with sides rounded, of the same width as the head; entirely cmtinized;
sagittal line present throughout the thorax. Meso- and metathorax
similar, of the
same width but a little shorter than the prothorax.
Legs not quite as long as the thorax is wide and robust; coxa? oval, transverse
and with a dorsal groove; femora, tibia?, and tarsi all about the
same length; tarsi
well developed, basal part long, claw-like and bearing two inner seta?.
Abdomen with eight distinct segments, all of the same width, ninth and tenth
rudimentary. The first seven tergites similar and intersegmental membrane not well
defined. Each segment covered with a dorsal plate, the anterior margin of whirl, is
straight while the posterior is rounded; no prominent setse present but a lateral
inconspicuous seta. Bifore spiracles mounted on small tubercles, just inside and
anterior to the lateral seta. Pleural groove distinct, Each segment apparently with
a ventral plate corresponding in structure with the dorsal plate;
eighth segment with
sides only slightly rounded out, of the same width as the preceding one. It represents
the superior valve of the stigmatic atrium and its caudal border is four-lobed, each
lobe bearing a seta.
Procercus, or process of the eighth pleurite, one-segmented with a terminal seta.
Mesocercus (cercus) two-segmented, tapering, the first elongate dome-shaped,
the second about the same length but more slender and with a terminal seta and
covered with several small tubercles, each with an apical seta.
Ninth tergite divided into three lobes, two lateral and one median; median lobe
1
small and a little longer than wide with its caudal margin nearly straight and bearing
a short but prominent seta at each caudo-lateral angle; outer or lateral lobes large,
rounded and with a terminal seta; acrocercus below and its distal end shows between
the lateral lobe and the median lobe just mentioned.
6. Sphercheinse 2
Egg-case carried by the hind legs and held on the under side of the body. Larva
with head slightly inclined; ocular areas round and in groups of five, not closely
aggregated; antenna? with points of insertion nearer the externo-frontal angles than
those of the mandibles; epicranial suture very short, almost absent; labro-clypeus
very much reduced, the epistoma apparently limiting the front margin of the head;
mandibles stout, sharply pointed, furrowed internally and with inner teeth; maxilla
palpiform but with palpifer bearing an inner lobe or lacinia; labium with palpi
and ligula short; labium and maxilla? inserted in a furrow on the under sida of the"
head; gula well developed and attaining the occipital opening. Eight complete
abdominal segments, the ninth and tenth reduced. The type of breathing is pseudo-
metapneustic and with poorly developed bifore spiracles. Seven pairs of short conical
gills on the first seven segments. Cerci and prostyles present but reducd.
iThis median lohe seems to articulate at its base and may be the remains of the tenth segment
of
lower Hyd:
=This subf
specialization.
the drophilida"*.
2 amily is not represented in this country but is incorporated on account ol its uiuy
1920] Richmond, Studies on the Biology of the Aquatic
Hydrophilidoe 31
7. Hydrophilinae
Egg-cases characterized by their horny mast and comparatively largersize. Larva
with elevated head; antenna; with points of insertion farther from
the externo-frontal
angles than those of the mandibles; second segment without an antenna!
appendage;
epicranial suture absent or very short; ocular area flat, elongate and closely aggre-
gated although distinctly separated; both labrum and clypeus almost
entirely
reduced, the front margin nearly straight and with only a few small teeth. Mandibles
prominent, sharply pointed, furrowed internally and with inner teeth; maxilla
palpiform, slender, the stipes longer than the palpifer and palpus together, palpiger
with an inner rudimentary lobe; labium with palpus longer than in the
primitive
genera, the second segment distinctly longer than the first; ligula present, labium
and
maxillae inserted at the anterior margin of the under side of the head; gula reduced
and not attaining the occipital opening. Legs provided with fringe
of setae. Eight
complete, non-chitinized abdominal segments; ninth and tenth reduced. Type
of
breathing pseudo-metapneustic and with poorly developed bifore spiracles. Tracheal
gills, if present, not well developed. Cerci reduced but two-segmented.
Prostyles
present or absent.
Hydrophilus Leach
There are fewer species in this genus than there are in Hydrous, but
the members of Hydrophilus are more equally distributed over the world.
One of the four American representatives, H. obtusatus, occurs at Ithaca.
The well-known European species, H. caraboides, was one of Lin-
naeus' species and Roesel in 1749 knew some of its larval instars besides
the pupa. Lyonet was the first to describe the egg-case and Schiodte
later gave the entire life history. The egg-case and young larva of H
.
obtusatus were figured by Bowditch in 1884. He gave a very interesting
account of its biology but did not observe the pupa. The full-grown larva
and pupa were later described by Wickham but the figures are of little
value and the descriptions meagre. Although it varies in size, it is our
second largest hydrophilid and is intermediate, in this respect, between
Tropisternus and Hydrous. The beetle is very clumsy and in no way
approaches the two other genera of this subfamily in aquatic adaptation.
It is most frequently found in leaf-filled pools, mud holes, at the water's
edge under debris or clumps of grass, or in pools overgrown with vegeta-
tion. Several adults are often taken together in such situations,
but
only isolated specimens are usually recorded.
Hydrophilus obtusatus Say
Plate I, Figures 1, 2, and 6; Plate VI
The egg-cases of H. obtusatus appear in late May and early June but
are not often reported. The fact that they are usually covered with a
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dead leaf makes it more difficult to see them. They float freely and are
the most picturesque of all the egg-cases. A case was formed indoors on
April 22 and, as there were no leaves present in
the aquarium, it was
placed in a mass of floating algae. No definite ah chamber such as is
found in Hydrous is present. The eggs, about forty in number, are laid
in a vertical position at the bottom of the case. Just behind the cap is
a mass of loosely spun silk. The cap end is never covered by the leaf
but the larvae do not always emerge underneath it, as seems to be the rule
in Hydrous. More often the escape is made at the other end.
The young larvae fed readily on Cyclops, Cypridopsis, etc., and made
several attempts to catch small tadpoles. Freshly killed tadpoles were
placed within their reach but they evidently did not care for the dead
food. According to Bowditch, they become full grown in about thirty
days and spend the remainder of the summer and winter as pupae,
emerging early in the spring. Such an extraordinary length in the pupal
stage may be true but it does not sound plausible nor is it always the case.
In July a mature larva was captured floating in the middle of a
lagoon near the Biological Field Station. It was placed in a terrarium
and on July 21 started burrowing down. After several attemps to
form a suitable cell below the surface, it finally pupated above ground
July 28. The process of transformation took less than an hour and a
beautiful sea-green pupa resulted. Five days later the adult emerged.
At the time of emergence the beetle was piceous above but its under
side was light brownish in color.
Egg-case.—Whitish except brownish mast and plate at its base. Case without
the leaf 9.2 mm.-18 mm. long, 9.8 mm -11 mm. wide, and 7.8 mm.-9 mm. high. The
horn-like mast, arising vertically from the top of the largest or cap end of the case, is
from 7 mm.-11.8 mm. in length. It is enlarged at the base into a roundish plate about
4.-4.5 mm. high. The top of the mast is often bent forward and away from the case.
Newly Hatched Larva.—Length, 6.5-7 mm.; width at the thorax, 1.25 mm.
Light brownish in color. Integument entirely pilose.
Head broadly ovate, constricted behind, elevated; fronto-clypeal suture well
indicated at the sides; frontal sutures gradually converging but not uniting until
they attain the caudal margin of the head; frons raised in the middle; gula reduced,
arched, semicircular, and with the gular sutures prominent and confluent. Cervical
sclerites present.
Labro-clypeus nearly symmetrical, reduced, with very small inconspicuous
teeth at the anterior margin and a row of five small seta; equidistant from each other.
Lateral expansions of epistoma similar and broadly rounded, overlapping the bases
small short seta? along their margins.
Ocular areas in groups of six arranged in two parallel rows, the first three nearly
vertically, while the posterior three are horizontally placed. The sixth area or outer
one of the posterior row distant from the fifth. Articulating maxillary piece fairly
well developed.
1920] Richmond, Studies on the Biology of the Aquatic Hydrophilidce 33
Antennae slender, extending forward about as far as the tips of the mandibles;
first segment much longer than the second and third together, slightly constricted
near the base, a little crooked and with a few short conical spines on its inner surface;
second segment bent inwardly a little, slightly longer than the terminal segment and
with a disto-medial seta; latter segment more slender and possessing a few distal
sets.
Mandibles symmetrical, 1 prominent, elongate, sharply pointed at their tips and
with their inner surfaces grooved; each mandible with two inner teeth, the proximal
tooth smaller than the distal and slightly bifid; distal tooth furrowed on its inner
surface, and the furrow is continuous with a furrow surrounding the proximal tooth.
Maxillae slender and with joint-like palpifer; stipes swollen near its base, slightly
bowed, longer than the palpifer and palpus together and its inner surface with a row
oi five setae, the basal four fairly stout; palpifer with a small chitinous appendage
bearing a terminal seta at its disto-medial angle; about twice the length of the 1st
palpal segment but only very slightly wider; palpal segments all about the same
width and bearing the relation of 7, 13, and 20; terminal segment with a single distal
sense-cone.
Labium prominent, palpus nearly attaining the distal end of the stipes, its first
segment short, the second the same width but about five times as long and with
terminal sense-cones ; ligula well .developed, more than twice as long as the first palpal
segment, cylindrical, only slightly tapering, chitinized except tip; palpiger four-
elevenths longer than wide, sides parallel; mentum cordiform, anterior angles pro-
nounced and acute; submentum extremely transverse, small and joint-like.
Prothorax narrower than the head, sides parallel; pronotum bearing a few
scattered sets; entirely chitinized except at the anterior margin and the sagittal line,
which continues through the thorax; a large ventral sclerite present in front of the
prothoracic coxae.
Meso- and metathorax similar to each other, a little wider than but less than
one-half as long as the prothorax, each with a pair of fairly large, irregular subtri-
angular sclerites and a lateral tubercle. A bifore spiracle present in each antero-
lateral angle of the mesothorax while, corresponding in position to it, there is a
small tubercle on the metathorax. Pro-mesothoracic and meso-metathoracic sclerites
are present and are small, elongate, horizontal plates.
Legs about twice as long as the width of the thorax; segments beginning with
coxa* bear the relation of 35, 12, 35, 25 and 15; tarsi well developed, claw-like, and
each with two inner setae, one dorsal to the other.
Abdomen with eight distinct segments, narrowed posteriorly, ninth and tenth
rudimentary. The first seven tergites similar, each with two very much reduced,
oval, chitinized patches on the proscutum, the first pair larger than the others, and
four small but conspicuous tubercles in a transverse row across the posterior or second
fold of the scutum, each bearing a seta. Each tergite consists of three transverse
folds while the intersegmental membrane has only one; sternites with similar arrange-
ment except that there is a longitudinal fold on each side of the three transverse folds.
'
Seven pairs of rudimentary bifore spiracles and seven pairs of pleural appendages,
equally long (0.48 mm. ), on the first seven segments. A small dorsal tubercle at the
base of the appendage. The eighth tergite represents the superior valve of the stig-
'Iii H. glacus the mandibles are asymmetrical. The left mandible possesses only a single inner
tooth.
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matic atrium and bears a large,
chitinized plate, somewhat dome-shaped anteriorly.
Caudal margin of the eighth tergite is
slightly quadrdobed, each lobe with an un-
phitinized tip and several distal setse.
Proeercus well developed, its first segment
prominent, with a chitinous band
nartlv surrounding it and a distal tubercle
as well as a small terminal segment bear-
apical seta. Mesocercus fairly prominent,
chitmized, two-segmented, each
eLent with an apical seta. The chitinous
plate in front of the mesocerci distinct
and with two transverse rows of seta,
arranged in pairs; the posterior row with one
nair and the anterior row with three pairs;
median lobe of ninth tergite rounded and
h a ventral chitinized plate which tends
to wrap around it. Aerocercus situated
below each lateral lobe of the ninth tergite,
and with two terminal tubercles, each
^^iSowN LARVA.-Length, 25-27 mm. ; width at the thorax, 5 mm. General
color is brownish above and dirtv white below.
The chitinized regions are castaneous.
When about ready to pupate, it takes on a greenish gray
coloration, probably due
Z tleTlr pigment of the pupa. The head measures 3.25 mm
m width and 1.99
mm along the mid-dorsal line. First segment
of antenna slightly longer than in first
stUe about one-fifth the second! Labro-clypeus
inconspicuously crenate. Mandibles
stouter blunter and with the proximal inner
tooth not noticeably bifid. Lobe of
plifer very rudimentary; dorsal surface of menttun
w.th scattered set* and four
Serai spines which are more prominent; ligula very
slightly divided at total end.
Seta in the caudal angle of the
mesoscutum prominent. Prostyles or anal append-
ises not noticeably longer (1.2 mm.).
Pupa -Length, 15 mm. with cerci (curled up);
w.dth at the thorax, S mm.
Seaireenish except whitish tubercles, styli, cerci
and tip of abdomen. Whitish parts
become brown as emergence time approaches and
metathorac.c wmgs fuscous.
Head smooth; two supraorbital styli present; two
small oval raised area, on
each side of the epicranial suture near
the vertex. Pronotum smooth, its cephalic
margin concave. Styli arranged as follows: three
equally long styli,' curving back-3 in a transverse row at the anterior margin at each side; a group of three others
Zuiky arranged but decreasing in length towards the middle, JUst ms.de the
latter
three in a longitudinal row at each lateral
margm; a transverse row of ten at the
posterior margin (more slender and less recurved than
latter)
;
two«erse
,
,
ws
near the middle; the anterior row with four styli,
the posterior with three Meso-
Z meLotum'with a pair of styli in a transverse row. »*%<™£^
visible from above. Tarsi not ending in prominent
spines nor tibue spinous on the
Inter side. A transverse row of six motory styli on the first
seven abdommal tog.te ,
the outer one on each side mounted on a tubercle.
Second to seventh pleunte,
.
e h
with a stylus or a tubercle. Eighth tergite with two
small, rounded tuber 1* at th
po terior margin on each side of the median line and
each bearing a short termma
stylus Ninth segment terminating in two, superficially
annulate cerci, which „
2 85 mm. long, divergent, tapering and bifid at
their tips. Sp.racles raised and
prominent.
.These pronotal styli on the front margin and middle region
have no terminal seta.
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Tropisternus Solier
Although the adults appear to be closely allied to Hydrous, the differ-
ences found in the immature stages tend to strengthen the validity of this
genus. The adults differ from Hydrous principally in their smaller size
and in the structure of the maxillary palpi. They are the most common
members of the Hydrophilinse and may be taken in almost any pool
or lagoon. Although more active than most of the water scavengers
the adults are easily captured by hand. T. glaber, T. mixtus, and T.
lateralis are the representatives in this region. The former two strongly
resemble each other but T. lateralis can easily be distinguished on
account of the narrow yellow margin of the prothorax and elytra. T.
glaber is by far the most abundant species. The genus is limited to
America in its distribution.
Duges, 1884, was the first to give the characters of the immature
stages. His descriptions of the larva and pupa of T. lateralis, collected
in Mexico, were carefully done but his figures are not very helpful.
Wickham, 1893, added the larva and pupa of T. glaber. The egg-case
has apparently been unmentioned in literature. This seems strange as
the cases, at least those of T. glaber, are very common at the commence-
ment of the warm summer days.
Tropisternus glaber Herbst
Plate VII
The egg-cases cannot be mistaken; the horny roast is peculiar to
the subfamily to which this genus belongs; the case is not as long as the
naked case of Hydrous and is not wrapped up in a leaf as is the case of
Hydrophilus. Instead, it is fastened to a leaf, blade of grass, or any kind
of vegetation present at the surface of the water.
The cap covers one end of the case and the mast is firmly attached
to it. There are from eleven to twenty-two eggs contained within and
the time of incubation is six to seven days. The main dates of develop-
ment of an individual observed in 1914 were as follows:
May 25, egg deposited in the case; May 30, larva emerged; July
1, burrowed; July 10, pupated; July 14, adult emerged.
The young larvae were placed in an aquarium where they fed readily
on entomostracans and small tadpoles. The different molts were not
observed. Only a few larvae reached maturity, as the weaker individuals
were quickly eaten by the stronger ones. During the latter part of June
and the first few weeks in July many full-grown larvee were taken out-of-
um
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doors at the edge of the pools
under stones, debris, or even some distance
om the shore on the surface
of the alga-filled pools. The la vae are
found all summer but this first
generation of the year ia the most abun-
dant The second generation begins soon
after the aduIts emerge, thfe
greatest number of egg-cases of this
generation being found the first
part of August.
Pupae were secured about the same time
of the year within thei
cells an inch below the surface of
the bank or under stones. When
transforming indoors, many of the pup* did not
form a cell below ground
but changed at the surface. The cells formed
were about 12 mm. wide,
10 mm high and nearly round. The earth
in the terraria was only
about three-quarters of an inch deep so
that the larva could be observed
forming the cells next to the glass. The constant
squirming of the larva*
made the cell walls firm. The legs, especially the
fore legs, helped materi
ally in shedding the pupal skin. The tarsi are
bent back and the tibia
used in pushing the skin off.
Upon emerging, the head of the beetle, the middle
of the pronot
(the edges lighter), the scutellum, and the
legs were brownish in coloi
The elytra were yellowish white and the abdomen
whitish. It colored
very rapidly and in about ten hours was
entirely black above but slightly
brownish below.
Egg-case -Whitish, except brownish mast. The
measurements of case, which
is figured, were 9.3 mm. long; 4.28
mm. wide at the cap end; 5.3 mm. wide at the
other end; and the mast 4.8 mm. long.
Newly Hatched LARVA.-Length, 4.8 mm.; width at the
thorax, 0.84 mm
Light brownish (fulvous). Entire integument
covered with fine short hairs.
°
Head ovate- fronto-clypeal suture well indicated at the
sides; frontal sutures
gradually converging and uniting to form a very short
epicranial suture; frons raised
Tn the mlklle, nearly triangular and with a
transverse impressed line near its basal
third gl reduced? arched and semicircular but flattened posteriorly; gula sutures
prominent and confluent. Cervical sclentes present,
Labro-clypeus nearly symmetrical, reduced, with very
small teeth, usually five
in the middle and one on each side of the latter five but
removed a little; a twin erse
row of six setae just inside the margin. Lateral
expansions of epistoma similar rounded
Z somewhat straight m front, only barely exceeding the labro-clypeus with a ow of
inconspicuous setae on the inner side and overlapping the bases of
the mandible s.
Ocular areas in groups of six and arranged in parallel rows, the
first three near y
vertically while the posterior three are horizontally placed.
The sixth or outer one
the posterior row is distant from the fifth and in some
specimens is rudimeniaiy.
Antenna, extending forward about as far as the tips of the
mandibles and beyond
the first segment of the maxillary palpus; first segment
longer than thef°«
^
segments taken together but stouter than in the other
Hydrophilinre; second segmen
slightly more slender and with several short setae in the membrane
preceding the
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egment; latter still more slender, a little
stouter than the second and with several
distal seta; in addition to a small,
two-segmented, finger-like appendage. 1
Mandibles asymmetrical, prominent, elongate, sharply pointed at their tips,
ch mandible with two
3 inner toothed areas; the distal inner tooth on each well
developed, bifid, their anterior margin minutely serrate, and
their inner surface
ith a groove, which extends to the base of the
mandibles; this latter groove sep-
arates the proximal inner tooth of each mandible into two, equal, flat teeth; those
\ the left mandible are much larger than those on the right and with a curved edge,
which crosses the groove, slightly proximal to them.
Maxilla} with joint-like palpifer; cardo3 small; stipes slender, swollen at the base,
-lightly constricted in the middle, longer than the palpifer and palpus
together and
its inner surface with a row of five seta?;
palpifer only slightly narrower than stipes
but less than one-fourth its length; a chitinous
finger-like appendage at its interno-
distal angle bearing a long seta and a microscopic lobe or
sense-cone apically; palpus
tapering and curving in slightly; the first segment small; the second
about as long
as the palpifer; the third a little
longer than the latter and with terminal sense-cones.
Labium prominent, the palpus nearly attaining the distal end of the stipes, its
first segment short, the second of the same width but
much longer and with terminal
-ense-cones and seta;; ligula well developed, more than twice as long as the first
palpal
segment, cylindrical, only slightly tapering; palpiger a
little longer than wide,
slightly swollen; mentum subcordiform, anterior angles
pronounced and sharply
pointed; dorsal surface with numerous minute spines at its basal
half; submentum
extremely transverse and joint-like.
Prothorax nearly as wide as the head, angles slightly rounded;
pronotum
entirely chitinized except at the anterior and posterior margin and
possessing a few
scattered seta; besides a transverse row of six seta? in
front and a transverse row of
four in back; a large ventral sclerite present in front of
the prothoracic legs. Sagittal
line continuous throughout the thorax. Pro-mesotergal
sclerites are present and are
small, elongate and horizontal. .
Mesothorax much shorter than the prothorax, about the same width and with a
pair of fairly large, irregular, sclerites, each with a prominent
seta caudally. Spira-
cula. area with three small tubercles. A rudimentary bifore spiracle present
in each
externo-frontal angle.
Metathorax similar but slightly narrower and shorter and its sclerites
more
irregular caudally. A small pleural appendage present. _
Logs more than twice as long as the width of the thorax;
segments beginning
with coxa; bear the relation of 16, 7, 16, 12, and 9; tarsi well
developed, claw-like
and each with two inner setae, one proximal to the other and
smaller.
Abdomen with eight distinct segments narrowed posteriorly, ninth
and tenth
rudimentary. The first seven tergites similar, each with two very
much reduced
oval, chitinized patches on the prsescutum, the first pair larger
than the others, and
four small but conspicuous tubercles in a transverse row across
the posterior told ol
the scutum, each bearing a long, colorless seta. Each tergite
consists of three trans-
Wickham, 1893, consider, this appendage as one-segmented but
remarks that it appears to be
two,=tedgg3i desci .bes T lat .ral .s as ing only one inner tooth. The terminal segment, of
'"^^:t^^t^^A basal segment in his specimen although Duges had
apparently observed it in T. lateralis.
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verse folds while the intersegmental membrane has only one; sternites with similar
arrangement except that there is a longitudinal fold on each side of the three trans-
verse folds and a fourth indistinct transverse fold was observed in some specimens.
The bifore spiracles at the tip of small tubercles. Both the epipleurite and hypo.
pleurite bear a tubercle. The transverse row of tubercles is lacking on the second
fold of the sternite but a single prominent tubercle is present on each side of the
third fold as well as one behind the middle of the longitudinal fold.
The eighth tergite represents the superior valve of the stigmatic atrium and
bears a large, shield-shaped, chitinous plate, which is slightly emarginate at the
middle of its anterior border but more prominently so just behind the two middle
lobes of the caudal margin of the eighth tergite. The structure of the atrium is very
close to that of Hydrophilus. It differs from the latter principally by the fact that
the two middle lobes of the hind margin of the superior valve are more distinct
resembling the mesocerci and that the two anterior setae of the plate in front of the
cerci are set farther apart. The median lobe of the ninth tergite with two distal setae.
The prostyles are short, not exceeding the sides of the body, broad, rounded, and
depressed.
Full-grown Lahva.—Length, 14 mm.; width at the thorax, 3.2 mm. General
color brownish above and dirty white below; chitinized regions reddish brown. Head
dorsally with a yellow stripe on each side; ventrally with a median and two lateral
pairs of yellow stripes; measures 2 mm. in width and 1.44 mm. along the mid-dorsal
line. First segment of antenna longer in proportion than in the first instar, more
than four times the second segment. Labro-clypeus nearly straight, often slightly
crenate, and some specimens retain the most lateral tooth of the first instar on each
side, but it is very inconspicuous. Mandibles with the outer spur of bifid inner tooth
lacking. Lobe of palpifer very much reduced; dorsal seta? of mentum (about four-
teen) arranged somewhat in a transverse elipse; externo-frontal angles rounded but
prominent and with a small outer seta; tubercles of abdomen prominent and each
bearing a group of long, slender, terminal seta?.
Pupa—Length, 12 mm. (curled up); width at its thorax, 5.6 mm. Entirely
whitish except reddish brown eyes. 1 Head smooth, no supraorbital setae, oval, raised
areas on each side of the epicranial suture near the vertex very small. Pronotum
smooth with middle lobes not prominent. Motory styli are long, fleshy and annulate,
each bearing a terminal seta, slightly recurved and arranged as follows: three m a
transverse row on each side near the anterior margin; four in the middle just back
of the anterior margin, the two inner ones set back a little; six in a transverse row at
the posterior margin (no corner styli) ; two on the basal half of each side; and two in
a transverse row across the middle. Meso- and metanotum with a pair of transverse
styli; scutellum well marked; metasternal spine long. Inner spur of metatibia very
prominent. Tarsi not ending in prominent spines nor tibiae spinous on the outer
side. Metathoracic pterotheca visible from above. First to seventh tergites with
a
transverse row of four styli, second to seventh pleurites each with a stylus. Eighth
tergite with two very small indistinct lobes at its posterior margin on each side of the
median line and each bearing small stylus. Ninth segment terminating in two crooked,
fleshy, superficially annulate cerci aboug 1.45 mm. long. Cerci diverge as far as their
i A. fresh pupa showed the eyes entirely white except the six pigment-spots of the ocular areas,
which
were grouped at hind margin of the head.
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middle and then converge. They are slightly bifid and sharply pointed. On the
outer side of the distal third are two small spines. Abdominal spiracles (second
to sixth) large, uncovered and the area about them well chitinized.
Tropisternus sublsevis LeConte
A specimen of this species was examined at the National Museum.
It is very close to T. glaber. The proximal inner teeth of both mandibles
are more reduced and the basal ridge of left mandible is lacking.
Hydrous Leach
The above generic name will doubtless be confusing to many be-
cause our representatives have for so long a period been known under
the genus Hydrophilus. Here are included the largest beetles of the
family and, in Ithaca, only one species is to be found, namely, H.
triangularis. This is well known to collectors and because of its large
size, measuring over thirty millimeters in length, can not be mistaken.
Its specific name is evidently due to the triangular spots of yellowish
brown hair on the abdominal sternites.
Adults have been collected during the warm spring and summer
months under electric lights, toward which they often fly in large num-
bers. One specimen was captured as late as November 1 under an arc
light. The most rapid swimmers of the family are included in this
genus. It is clearly seen that their bodies are well adapted for gliding
through the water with the least possible resistance.
European authors have paid a great deal of attention to H. ater-
rimus and H. piceus, especially the latter, not only to their life history
but also to their biology in its various phases. The earliest mention
of the larval and pupal stages was made by Frisch as far back as
1721 but his unique error of describing the larva upside down and there-
fore ascribing dorsal legs to it takes away part of its value. Miger and
Lyonet follow about a century later and both papers are worthy of com-
mendation. The life history of H. aterrimus given by Schiodte is pre-
sented in the usual careful way of the author.
The most complete work on the only American species considered
is that of Dr. Robert Matheson of Cornell University, published in
1014. He has very carefully followed the entire life history of H.
triangularis through all its stages from the .egg to adult. Garman's
paper in 1881 on the egg-case and larva was well written but did not
include the entire life history. It was supplemented by Riley's paper in
the same year.
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Hydrous triangularis Say
Plate I, Figure 7; Plate VIII
It hardly seems necessary to go into the biology of this species.
However, the main events occur as follows. The egg-cases are found
mostly in June, and, although always attached to floating leaves or
other debris, have never been reported as fastened to living plants.
Over one hundred eggs are enclosed within it and the larvae when newly
hatched are very ungainly as compared with the full-grown larva. The
usual two molts take place and the pupa appears in about one month.
The duration of this latter stage is about eleven days.
Egg-case.—Light brownish with its mast and plate at base of mast almost
black. It measures 24 mm. long, 15 mm. high, and about 22 mm. wide. The horn-like
process, which arises from the cap end of the case, is almost at right angles with the
upper side of the case and is usually 7-8 mm. long. Below the plate is a lunar-shaped
opening which leads into a chamber below the eggs.
Newly Hatched Larva.—Length, 8 mm.; width at the thorax, 1.7 mm.
Light brownish with appendages whitish darkening with age. Integument with fine
dark hairs.
Head, without mouth-parts, 1.14 mm. long dorsally and 1.82 mm. long ventrally;
2.1 mm. in width; broadly ovate, large, depressed, strongly elevated; fronto-clypeal
suture well marked; frontal sutures widely separated, converging only slightly and
not uniting to form an epicranial suture; gula fairly prominent, arched, semicircular
behind; gular sutures confluent and distinct.
Labro-clypeus reduced, with its anterior margin slightly concave and bearing a
few microscopic projections towards each side. Lateral expansions of the epistoma
similar, acute, not prominent.
Ocular areas in groups of six, elongate and arranged in two parallel rows, the
first three nearly vertically while the posterior three are horizontally placed. The
sixth or outer one of the posterior row distant from the fifth.
Antenna; three-segmented, exceeding the right mandible by almost the length
of the terminal segment, and left by its last and half of its penultimate segment;
first segment longer than the second and third together, almost as long as the stipes,
bent inwardly near the base and fringed on the inside, except the basal third, with
slender seta;; second segment swollen distally and not quite as long as the third,
which bears no distinct terminal sense-cones.
Mandibles asymmetrical, prominent, sharply pointed at their tips and with
their inner surfaces grooved; each mandible with a single inner tooth, the inner tooth
of the light mandible with a large tooth on its anterior margin forming an unequally
bifid tooth; the left mandible stouter and shorter than the right and with a membra-
nous area in the region of the molar surface.
Maxilla- with joint-like palpifer; stipes slender, slightly bowed, longer than the
palpifer and palpus together and its inner surface with a row of four stout set:o;
palpifer with a chitinous finger-like appendage at its interno-distal angle; about the
same length as each of the palpal segments but slightly wider; terminal segment
of
palpus with no distinct sense-cones. Articulating maxillary piece well developed.
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Labium prominent, almost attaining the tip of the left mandible; submentum
transverse and hinge-like; mentum longer than wide, arched below, its sides at basal
half slightly concave but at its distal half convex, the fronto-external angles produced
forward and prominent; palpiger much narrower than the mentum, its sides diverg-
ing anteriorly; ligula somewhat thimble-shaped, about the same size as the first pal-
pal segment; the second segment of the palpus more than twice as long as the first
and slightly convex on the outer side.
Prothorax narrower than the head; anterior margin nearly straight; proscutum
represented by two, fairly large, somewhat triangular sclerites. Sagittal line present
throughout thorax. Mesothorax slightly shorter than prothorax but just as wide;
the mesoscutal sclerites more triangular and smaller. A small bifore spiracle 1 present
in each spiracular area. Metathorax similar to latter but not quite as long.
Legs very long, about two-fifths longer than the thorax is wide; coxa? nearly as
long as the femora, the latter with swimming fringes; tibise shorter than femora and
three-sevenths longer than tarsi. The tarsi bear two inner setae, one distal to the
other; tarsi claw-like and well developed.
Abdomen with eight distinct segments, narrowed caudally, ninth and tenth
rudimentary. The first seven tergites similar and each divided into three transverse
folds, while the intersegmental membrane has only one. The second scutal fold
bears a transverse row of four small tubercles. Epipleurite and hypopleurite each
surmounted by a small tubercle, not distinctly separated but together forming an
elongate lateral lobe. First five sternites with three transverse folds and a longitudinal
fold on each side of them. Eighth tergite about as long and wide as the interseg-
mental membrane preceding. The dorsal region represents the superior valve of the
stigmatic atrium and bears a reduced plate, the slender anterior arms of which enclose
a median, elongate, non-chitinized area. The caudal margin of the eighth tergite
is minutely crenate towards the sides and is rounded in the middle. The rudiments of
the four lobes found in other Hydrophilinas are weakly indicated. There are two
small tubercles, one below and on each side of the middle lobe of this hind margin.
Procerei fleshy arid quite prominent. The mesocerei are fairly prominent, as well as
the acrocerci. The median lobe of the ninth tergite is slightly bilobed. Lateral lobes
not prominent. The prostyles, belonging to the tenth segment, are nearly as long as
the seventh and eighth segments together (1.44 mm.) and are superficially annulate.
Full-grown Larva.—Length, 40-54 mm. ; width at the first abdominal seg-
ment, 9-12.5 mm. General color grayish or dirty whitish except reddish brown head,
sclerites, and legs. Head 6.5 mm. wide; 5 mm. long below; 3.1 mm. long above.
Antenna; four-segmented,2 a small segment about one-third the length of the third
segment having appeared between the first and second segments of the first-stage
antenna. Lateral expansions of the epistoma not prominent. Mandibles with tips
and inner teeth blunt. Terminal segment of maxilla only about half the penultimate
in length. Ligula dome-shaped, much shorter than the first palpal segment, which
is a little more than one-half the second segment of the maxillary palpus. Dorsal
surfaces of the mentum and palpiger with a few scattered setse.
Mathesqn described a pair as present on the metathorax also but none were seen in the specimens
* "
-D O^chymont considers that Schiodte was mistaken when he called the antenna of Hydrous
four-segmented. There are surely four in H. triangularis.
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Thoracic segments wider than the head. Folds and lobes of
whole body much
more distinct than in other stages. Legs about five-sixths
as long as the thorax is
wide. Abdomen spindle-shaped.
Pupa—Length, 24 mm. with cerci (curled up); width at its thorax, 14.5 mm.
Whitish Head smooth, only one small posterior supraorbital stylus noted; two
small oval, raised areas on each side of the epicranial suture
near the vertex. Pro-
notum smooth its cephalic margin concave. Styli arranged as
follows: three long
styli curving backwards, in a transverse row at the
anterior margin on each side;
eight shorter ones near the posterior margin, besides two
very small ones just inside
the inner two styli; a few other scattered ones. Mesonotum and
metanotum with a
pair of styli in a transverse row. Scutellum well marked.
Metasternal spine long.
Inner spur of metatibiae very prominent. Metathoracic legs long
nearly attaining
the end of the body. Tarsi not ending in prominent spines nor
tibia? spinous on the
outer side Metathoracic pterothecae visible from above.
First to seventh ab-
dominal tergites with a transverse row of four styli, the outer one on
each side mounted
on a tubercle. The styli just behind the spiracles longer than the
others and curved
backwards. Second to seventh pleurites each with a stylus. Eighth
abdominal tergite
with two small rounded tubercles at the posterior margin on each side
of the median
line and each bearing a short terminal stylus. Ninth abdominal segment
terminating
in two superficially annulate cerci about 2.5 mm. in length and
with a prominent
short, ventral spine between their bases. Abdominal spiracles oval, uncovered and
prominent (second to sixth visible).
8. Hydrobiinse
Eggs usually enclosed in a silken case with a prominent projection but some-
times laid in a mass with a loosely applied covering of silk (Cymbiodyta and Pora-
cymus) or held on the under side of the body by the elytra (Epimetopus, Cfuetarthna ?)
or hind legs (Helochares)
.
Larva with head elevated. Antennae with points of insertion situated farther
from the externo-frental angles than those of the mandibles; second segment
with
an antennal appendage. With or without an. epicranial suture; ocular areas flat,
elongate, in groups of six, closely aggregated; labrum and clypeus both reduced and
united, the anterior margin more or less toothed; mandibles prominent, sharply
pointed and with inner teeth; maxillae palpiform and stipes with a rudimentary inner
lobe. Labial palpi longer than in other subfamilies; the second segment
distinctly
longer than the first. Ligula present except in Berosus and Laccobius; labium and
maxillae inserted at the front margin of the under side of the head
1 and not attaining
the occipital opening. Eight complete abdominal segments and a rudimentary
ninth
and tenth; the chitinization is entirely lacking, except the dorsal plate of the
eighth
segment and chitinized patches on the praescuta. Cerci two-segmented but reduc«
(absent in Berosus). Type of breathing is pseudo-metapneustic except in Bero"
which possesses tracheal gills and a rudimentary stigmatic atrium. All genera
t
poorly developed bifore spiracles.
MS,
•Vestiges of furrowed condition in Berosus and Laccobius.
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Laccobius Erickson
This genus is evidently represented by one species and a variety in
New York State but the variety has not been described to date. The
more common or silvery species is apparently the one which Randall
named agilis and was first recorded from Maine. The other, which
seems to be a new variety, is less common and of a general brown color
lacking the pale triangular space in front of the eye. Both species seem
to have a great diversity in size. L. agilis, although very abundant in its
habitat, has been little collected in Ithaca, only three specimens having
been recorded to the date of my first observations in the fall of 1913. It
is found frequently in Cascadilla Creek either on mud flats or on stone
ledges which border its waters. Specimens are most easily collected by
washing the vegetation and shore with the creek water, using the hand as
a dipper. When thus disturbed, the little beetles will be noted swimming
speedily towards the shore and presently observed burrowing in the mud
or hiding in the vegetation until they are entirely concealed from view.
The most abundant vegetation in their environment seems to be the alga,
Cladophora, which is especially common in our swiftly flowing streams.
The brown variety frequents mud holes and swampy lands but, with
that exception, its habits are very similar. The life history of this
genus is practically unworked 1 except by d'Orchymont, who gives what
he considers the generic larval characters of Laccobius* sp. ?, an immature
specimen of which he obtained. This is accompanied by a dorsal view
of the head.
Laccobius agilis Randall
Plate IX
The egg-cases of the brown variety have not been taken as yet in
the field but those of agilis are very abundant at certain seasons of the
year. They have been collected in April, May, June, and July. The most
natural place for the cases is apparently at the water line in Cladophora
or attached to the roots or blades of grass. They are frequently attached
to the rock-ledge itself and, in such condition, are hard to remove with-
out breaking open the case.
Dr. Adam Boving, however, gave me the following data as to the rearing of Laccobius: "Dr.
Wesenberg-Lund has not yet published anything about it; Schlick has published a note in the Danish
Entomologiske Meddeldser Vol. 4, 1894, p. 304 and also in a later volume, as far as I remember Vol. 6;
in Hie same periodical Vol. 5, 1895, p. 12, you will find a note that E. Rosenberg has taken and reared the
Laccobius larva to adult."
, ,
.
. .
-It differs mainly from L. aailis in that the right mandible possesses only two inner teeth. 1 bis
s also true of the undescribed larva of L. mi{iutus.
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From two to eleven eggs are in each case and these hatch in seven
to eleven days. When leaving the case, the larva seems to select no
particular place of exit. Specimens have been noticed emerging from a
hole in the egg-case proper; others from an opening made at the outer
edge of the basal cavity of the filament (see Plate IX). Many larvae
have been collected. They may be observed on the Cladophora and
stones just where the water laps the shore, half in water and half out,
as is the customary position of most' pseudo- and metapneustic Hydro-
philidae. The number of instars seems to be three.
About the middle of June 1915 several fairly mature larvae, which
were hatched from eggs taken April 29, were placed in the usual terra-
rium but, as they did not seem quite ready for pupation, they were
replaced. On June 22, while on a special trip to the best collecting
grounds of Laccobius, about fifteen larvae were taken. The largest of
these were placed in the terrarium at the same time as one of the
reared larvae but in different receptacles. On the morning of June 30
one of the latter lot had pupated as well as one of the larvae of April
29. Upon comparing the larval skins and pupae, they proved to be
identical and, so, one pupa was allowed to come through but the other
was preserved with its larval skin. Thus, the complete life history was
secured. One of the larvae pupated on the surface of the earth, while the
other made a cell (6 mm. long, 3 mm. wide, and 3 mm. deep), just below
the surface. The dates of development were as follows:
April 29, egg-case found; May 4, larvae hatched ; June 30, pupated
;
July 3, adult emerged.
"
Soon after emerging the adult's head, prothorax, and scutellum were
colored very dark green, except the lateral margins of the pronotum,
which were silvery gray with dark green or blackish spots sparsely
distributed. The coxae, trochanters, and femora were gray, but the tibiae
and tarsi were luteous. The exact time before complete coloration took
place was not noted, but it was longer than with other species.
Egg-case, without its filament, nearly spherical, often a little broader than
long, its size varying as does that of the filament. Measurements show the case
proper to be from 1.4-1.6 mm. in diameter and the filament from 7-10 mm. in length.
The latter is continuous with the covering of the case and is therefore hollow, the
cavity at its base being quite large, as figure 11, Plate IX, indicates.
Newly Hatched Larva.—Length, 2 mm.; width, 0.288 mm. Whitish (trans-
parent at first), except the chitinous portions, which are light brown darkening with
age. Integument dotted with slightly recurved spines arising irom minute tubercles.
Head quadrangular, elevated slightly; labro-clypeal suture weakly indicated by
a crease in the integument; frontal sutures parallel, extending to the caudal margin
of the head and not uniting to form the epicranial suture; frons quadrangular; hypo-
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stomal margin prominent and there is a furrow in front of it but the labrum and
maxillae are united at the anterior margin; gula reduced; the gular sutures fairly
prominent and confluent and its anterior margin with two long setae on each side of
its median line. The cervical sclerites present.
Labro-clypeus asymmetrical, irregularly toothed in the middle with three teeth
and with two, prominent, blunt setae projecting from the ventral side. Lateral
expansions of epistoma differing greatly; the right rounded, overlapping the base of
the right mandible; the left overlapping the left mandible and rounded but bearing
a row of stout setae which become shorter toward the median line (five or six are very
prominent).
Ocular areas in groups of six but rather indistinct.
.
They are arranged in two
parallel rows, the outer one of the posterior row a little out of line and more anterior.
Antennae fairly stout; the first segment about two-thirds as long as the second,
slightly constricted in the middle and bearing at least two dorsal sensory pits; second
swollen a little and bearing a small, colorless, finger-like antennal appendage in addi-
tion to the sense-cones at the latter's base, and a long inner seta, arising from a
tubercle, as well as a few less prominent ones; third segment very small, almost as
wide as long, a little longer than the appendage of the second segment, and bearing
three long setae and several sense-cones at its extremity.
Mandibles asymmetrical, fairly prominent and stout, sharply pointed at their
tips, and toothed on the inner side; right mandible bears three inner teeth, decreasing
in size from the cephalic to caudal one; the left has two toothed areas on the inner
side, both of which present a pectinate region dorsally, in addition to a tooth.
Maxillae with joint-like palpifer; stipes large, swollen, tapering slightly from base
to apex, longer than the palpifer and palpus together and its inner surface provided
with short, stiff setae, and several longer stout setae at intervals; the more slender
setae are present at the externo-distal angle; palpifer small, a little wider than long,
bearing an inner rudimentary lobe, possessing a seta and sense-cones, below which is
a slender seta; palpus with first segment about one-half the second while the
third is a little longer than the first two and more slender and more cylindrical; the
terminal segment possesses a group of sense-cones at its tip; articulating piece of
maxilla well developed.
Labium small and with only its palpi exceeding the labro-clypeus; menturn
and palpiger very small; both segments of the palpus are cylindrical, the
second about three times as long as the first, more slender and with its tip possessing
a number of sense-cones; ligula absent; palpiger has two setae on its anterior border
near the median line ; submentum very indistinct.
Prothorax veiy slightly narrowed in front, larger than the head; pronotum
entirely chitinized, except the sagittal line, with a transverse row of setie (about ten)
just a little posterior to the cephalic margin, several others on the sides. Meso- and
metathorax a little wider and shorter than the prothorax. Mesoscutum and meta-
scutum both represented by two subtriangular and very much reduced sclerites, each
having a seta in their caudo-medial angle. The mesonotum has two smaller oval
sclerites 1 just lateral of the median line and posterior to the cephalic margin. The
spiracle at the tip of a little conical tubercle2 in each antero-lateral angle of the meso-
thorax two-fifths as long as the thorax is wide.
'Probably homologous with the cervical sclerites.
2Tracheo-branchies of d'Orchvmont.
40 Bulletin American Museum of Natural History [Vol. XLI1
Legs fairly long, with tibife nearly as long as, but a little more slender than, the
femora; femora shorter than the small coxae; tarsi well developed, claw-like, almost
as long as the tibiae, with two inner setae one distal to the other.
Abdomen with eight prominent segments, slightly narrowed caudally, ninth and
tenth rudimentary. The first seven similar, each with two very much reduced, oval,
chitinized patches on the praescutum near the cephalic margin on each side of the
median line, and four prominent tubercles in a transverse line across the posterior
fold of the scutum, each bearing a seta. Each tergite seems to consist of a praescutum,
scutum divided into two transverse folds and posteriorly a very narrow scutellar fold
that continues to the spiracular part of the tergite; sternites have similar correspond-
ing folds. The eighth tergite represents the superior valve of the stigmatic atrium,
bears a large chitinous plate,
1 which is about as broad as long. The caudal border
of the valve is chitinized in part, possesses setae and presents a bilobed appearance.
Procercus one-segmented, 2 subcorneal with a chitinous band on the inside and a
group of three setae arising dorsally from tubercles on the apical half. Mesocercus
two-segmented and chitinous, the first segment elongate, dome-shaped, bearing a
central dorsal seta; the second very small, papilliform, and bearing a terminal seta.
Between these two segments in the membrane there are several sense-cones.
Ninth tergite is divided into three lobes, two lateral and one median. The
median lobe is irregularly dome-shaped with a chitinous plate nearly covering the
upper surface while the lateral lobe possesses a chitinous region from which arises two
setae mounted on tubercles. Two pairs of setae, arising from tubercles, are present
on the membranous area just lateral to the plate, the anterior pair being contiguous
with the plate. A ventral pair may be seen through the membrane, anterior and in
line with the other two. Acrocercus present on the under side of the lateral lobe and
terminates in two setae mounted on tubercles.
Full-grown Larva.—Length, 5.8 mm.; width at the second to fourth ab-
dominal segments, 1.5 mm. The general color is grayish brown or dirty white. The
head, which is 0.3 mm. in length and a little less in width, is often retracted under the
pronotum as far as the ocular areas. First segment of antennae little less than the
second in length. Finger-like appendage of second segment about one-half the size
of the third, which has become more elongate. Mandibles much stronger. The
smallest inner tooth3 of right mandible is smaller in comparison with the other teeth.
Maxillae more developed; stipes larger and considerably longer than palpus and pal-
pifer together. Legs not as long as thorax is wide. Viewed from the side, there seem
to be three lateral regions or tubercles on each abdominal segment; the dorsal and
ventral lateral regions of the intersegmental membrane are reduced so that only the
middle one is prominent.
Pupa.—Length, 3.6 mm. (curled up) ; width at its thorax, 2.9 mm. Whitish.
Head smooth and bears two supraorbital styli on each side. Pronotum smooth, its
cephalic margin lobe-like in the middle. The styli are arranged in transverse rows as
follows: ten at the anterior margin, four in the middle at the posterior margin, the
two middle ones being shorter than the other eight and the most lateral one on each
'A central color.ess seta noted in some specimens and in L. minutus the anterior border of the
plate is emarginate.
2D'Orchymont, because a terminal papilliform tubercle bearing a seta is present, considers that
it may be two-segmented. The condition in Hydrophilus obtusatus tends to verify his opinion.
indicates a tendency to disappear. Laccobius minutus has only two inner teeth on right mandible.
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side a little anterior, Mesonotum and metanotum with a pair of transverse styli.
Inner spur of metatibia fairly prominent. All tarsi ending in a spine and all tibise
spinous on the outer side. First to seventh tergites with a transverse row of four
subequal styli; the outer one on each side arising from prominent tubercles; second
to seventh pleurites each with a stylus; eighth segment has two, small, cercal-like
lobes, projecting dorsally. Ninth segment has a pair of cerci, which are about four
times as long as the latter lobes and project backwards, diverging about 45°. The
externo-caudal angles of the ninth segment are prominent and acute. The spiracles
are exposed and well defined.
Berosus Leach
Schiodte gave the complete life history of B. spinosus and later the
larval differences of B. signaticollis. Brocher described the egg-case
and young larva of B. azriceps ( = signaticollis) and, although he did not
rear it, considered that it could be no other species because of its size.
At least two species, B. peregrinus and B. striatus, occur in the
vicinity of Cayuga Lake and doubtless others would be found if more
time could be devoted to their study. These two are fairly distinct;
the latter is separated from the former by its usually larger size and by
the two small teeth, instead of only one, at the middle of the notch of the
fifth abdominal sternite. The carination of the abdominal sternites of
the male peregrinus, often used as a character of separation, seems to be
quite variable in the specimens examined.
The beetles may be taken from early spring until late fall but are
most frequent in May and late August. They are hardly ever taken in
swift waters but inhabit small pools with an abundance of moneywort,
Chara, Elodea, cut-grass, alga, etc. The fact that they are good swimmers
requires the use of nets, in contrast to hand collecting so profitable for
most of the other genera. The net must be drawn through the water
rapidly for, as soon as disturbed, the beetles quickly dodge down to the
bottom of the pool and in a moment are buried in the mud. At times
many specimens may be gathered by pulling the vegetation out of the
water quickly and looking it over carefully. They do not easily escape
when thus taken, as they are very clumsy when out of water.
In the aquarium, they were observed feeding on the decaying leaves
of moneywort, attacking both the upper and under side and eating holes
entirely through. While watching them feeding, a peculiar, almost
incessant action was noted. The beetles, holding on to the plants with
their two anterior pairs of legs, kept sweeping the swimming hairs, which
hinge the tarsi and tibise of the hind legs, down and forward across the
film of air covering the abdomen. Just what the function of such a
48 Bulletin American Museum of Natural History [Vol. XLII
procedure may be is a question. Possibly it may serve to aerate the film
of air, thus accounting for their ability to remain below the surface
almost indefinitely. Stridulation is very pronounced and Brocher
considered it in detail.
About thirty egg-cases were laid the middle of April in the aquarium
on alga and moneywort below water. They somewhat resembled
miniature chestnuts in form, and each contained from two to four eggs.
The first egg-cases noted out of doors were found May 9 in a small
pool on South Hill. The submerged Carex was spotted with the white
cases and apparently the dead plants were preferred. In a pool where no
vegetation was present the cases were laid upon the under side of sticks
and stones. Although more abundant in the egg-laying seasons, com-
mon to the family, yet the cases were found during the entire summer.
The larvae on hatching break through the case at no particular
place. However, the most common point of exit was between the base
of the flap and the cap. The larvae were very weakly chitinized in com-
parison with the larvae of other genera. They spend most of their time
crawling through the strands of algae or in the debris at the bottom of the
aquarium. The larvae are the most difficult of the whole family to locate,
due primarily to the fact that they breathe by gills. They live at the
bottom of the ponds and farther from the shore than is the custom of the
other larvae. The debris clings to them and they, therefore, closely re-
semble their surroundings.
Berosus peregrinus Herbst
Plate X
Several egg-cases of B. peregrinus were found the latter part of
Jul}' and the spinning and egg laying proceeded in the following order.
1. An under layer of compact silk, composed of criss-cross
strands, laid down continuous with the flap.
2. One egg deposited lengthwise towards one side and covered
with a loosely applied silk.
3. Second egg placed near the opposite side, parallel to the
first egg and covered with a loosely applied silk.
4. Third egg laid between the first two eggs.
5. A cap of compact silk, composed of criss-cross strands of
silk laid tightly over the egg-case proper.
Egg-case, as a whole, somewhat chestnut-shaped. The cap end is flat with a
narrow flare outside the egg-case proper; and the cap, which covers this surface, is
continuous with the slender filament that extends upwards. The other end is rounded.
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The case proper measures 1.6 mm. high, 1.2 mm. wide, and 0.323 mm. long. The fila-
ment averages about 4.5 mm. long, its width of 0.13 mm. is usually constant and its
sides are parallel.
Newly Hatched Larva.—Length, 1.9 mm.; width at its thorax, 0.32 mm.
Whitish, with chitinized areas very slightly light yellowish. Integument dotted with
minute setae.
Head ovate, elevated; fronto-clypeal suture very indistinct; labro-clypeal
suture fairly well indicated; frontal sutures gradually converging as far as the
posterior third and then slightly diverging, not uniting to form an epicranial suture;
gula reduced, polygonal, posteriorly somewhat rounded; gular sutures contiguous for
a long distance; labium and maxilla inserted at the anterior margin of the head but
the signs of the groove are still present and the hypostomal margin distinctly marked
off; cervical sclerites present.
Labro-clypeus small, projecting forward rather prominently, arched, with seven
small teeth and four equidistant seta?. Lateral expansions of epistoma differ greatly;
the right rounded, reduced and not exceeding the labro-clypeus; the left prominent,
exceeding the latter, rounded and bearing a row of setae on its anterior margin.
Ocular areas in groups of six and closely aggregated, oval, arranged somewhat in
a circle, each area equidistant from the other except the sixth area which is about
twice the distance from the first area than it is from the fifth.
Antenna? short, not exceeding the mandibles, with their points of insertion widely
separated but inside those of the mandibles; first segment a little longer than the
second, constricted at its basal half and with a small finger-like appendage, provided
with colorless apical seta?, at its interno-frontal angle; second segment swollen, only
slightly narrowed distally and bearing a small, colorless, finger-like antennal appen-
dage, which is nearly as long as the third segment ; the latter small, a little longer
than wide, and with terminal seta? and sense-cones.
Mandibles asymmetrical, prominent, sickle-shaped, sharply pointed at their tips,
and toothed on the inner side; right 1 mandible with two inner teeth, the distal tooth
much larger than the proximal one, and the vestige of a third more proximal tooth
apparently represented by a minute spine; left mandible slightly notched on the
inside towards the tip and with a complicated set of inner teeth, the distal one the
largest and triangular; molar area with a small distal, spine-like projection
Maxilla? with joint-like palpifer; stipes large, swollen, tapering very slightly,
longer than the palpifer and palpus together and its inner surface provided with a row
of five, stout, equidistant seta?; two slender seta? near the externo-distal angle; pal-
pifer short, much wider than long, bearing an inner rudimentary lobe, provided with a
long seta and a sense-cone, below which is a stout seta; palpus tapering; the first
segment only about one-half the palpifer in length; the second much longer and with
an externo-distal seta; terminal segment two-sevenths shorter than the latter and
with distal sense-cones, in addition to an inner seta.
Labium small, with only the palpi exceeding the labro-clypeus; submentum
small and transverse; mentum transverse with its anterior angles rounded; palpiger
rather quadrate, narrower than latter and about the same length, slightly divided
anteriorly in the middle and each half bears the two-segmented palpus; first segment
of latter short, the second segment nearly three times as long and with terminal seta?;
ligula absent.
'-B. spinosus has a similar right mandible.
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Prothorax rounded at the sides, about the same width as the head; anterior arid
posterior of pronotum non-chitinized; rest weakly chitinized except along the sagittal
line' presternum weakly chitinized in front of the coxae; mesothorax and metathorax
about equal to each other in size, shorter but slightly wider than the prothorax.
Sclerites are not discernible. The pleural lobes are each surmounted by a seta arising
from an elongate cylindrical structure (see figure 5, Plate X). A spiracle present in
each externo-frontal angle of the mesothorax.
Legs long, about one-half again as long as the thorax is wide; coxae transverse;
femora and tibia? about the same length; tarsi well developed, claw-like, one-fourth
shorter than the tibiae and with two inner setae. The two anterior coxa? are closer
together than the four posterior coxae, which are about the same distance apart.
Abdomen with eight distinct segments, narrowed and slightly lengthened pos-
teriorly, flattened above and arched below. Thr first seven tergites similar; indis-
tinctly divided into two folds, while the intersegmental membrane has only one fold;
each pleurite protrudes and bears a long, slender, tracheal gill, the length of these
seven pairs of gills increases posteriorly. The second scutal fold has a transverse row of
four setae, each arising from an elongate cylindrical structure (similar to those on the
pleurites of the thorax). Another seta, with such a structure at its base, present on
the dorsal side of each gill and slightly removed from the base of the gill. Spiracles
are at tip of small tubercles. The sternites have similar folds but no tubercles are
discernible. Eighth segment short, cylindrical and with two small spiracles 1 on the
middle of its dorsal surface and a few posterior setae. The anus terminates this seg-
ment.
Full-grown Larva.—Length, 5.6 mm. (not counting the gills) ; width at the
second abdominal segment, 1.68 mm. Pale yellowish with chitinized areas yellowish
brown. Head, 0.576 mm. wide, 0.36 mm. along the mid-dorsal line. First antenna!
segment much longer and about one-half again as long as the second segment.
The wdiole antenna more slender. Labium very indistinct. Body gradually widened
as far as the second abdominal segment and then narrowed. Segmentation is much
more pronounced as is the chitinization also. Mesothorax with two reduced sub-
triangular sclerites. Two small horizontal pro-mesotergal sclerites present. Meso-
thoracic spiracles distinct and meso- and metapleurites each with a prominent wart-
like tubercle corresponding in position to the gills of the segments. Prasscuta of meta-
thorax and first four abdominal segments visible. Legs much shorter, not as long as
the thorax is wide.
Peculiar structures noted at base of setae on posterior fold of abdominal scuta
replaced by small but distinct, rounded tubercles. The gills are much shorter in
proportion to the body and possess no dorsal seta near their bases.
Pupa.—The characters used by Schiodte in his pupal key are as follows:
"Motory styli of abdominal tergites in fours; abdominal tergites with a small
lateral tubercle on each side; spiracles not concealed; abdominal pleurites not
distinctly separated from the tergites; styli of pleurites very short and conical;
lateral styli of abdominal tergites very long and slender ; prothoracic styli long and
slender; cerci elongate, tapering, crooked and distally multiannulate." The figure
shows twenty-six pronotal setae or two more than is characteristic of the Hydrobiina1 .
cThe position of these spiracles recalls the position of those found in the pseudo-metapneustic
Hydrophilida; and probably indicates the degeneration of that type.
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Berosus striatus Say
The stages of this species are very close in form to those of B. pere-
grinus and a separate description is unnecessary. The left mandible of
the larva is quite similar to that of peregrinus but the right one has only
the distal inner tooth well developed. The other two teeth are very
rudimentary. As both the species belong to the same subgenus, Berosus,
this character evidently is not one of subgeneric significance. Larvae
in the National Museum of B. (triceps (= signaticollis Charp.), which
belongs to the same subgenus, possess the peregrinus type of mandible
but have the labro-clypeus untoothed, rounded and short. The labro-
clypeus of B. striatus is similar to peregrinus but the number of teeth
varies from three to six.
Ch^tarthria Stephens
Four species have been described from this country. C. atra LeConte,
1883, however, is the local species near Cayuga Lake and is very rare.
In the field it could easily be mistaken for Anccena and Paracymus but is
usually smaller and noticeably hemispherical in shape. Closer examina-
tion clearly distinguishes it . The first segment of the antenna? is elon-
gate and flattened. The ventral plates, fringed with appressed seta? and
concealing the first two abdominal sternites, constitute the most striking
characters of this genus.
The life history has not been observed. The structure of the
abdomen possibly indicates that the egg-cases may be held on the
ventral side of the female, somewhat in the same manner as in Epime-
iopus.
Hydrobius Leach
One experiences little difficulty in separating H. fuscipes and H.
globosus, the two species which are present in the Cayuga Lake basin.
As the name globosus suggests, this member is strikingly globular in form,
while fuscipes is much flatter and more elongate. Both are almost
entirely black in color but the reddish brown legs of fuscipes are char-
acteristic of that species. They are not very often taken together, al-
though they have been recorded from similar habitats. H. globosus
seems to prefer the banks, of rapidly flowing streams or spring-fed pools,
filled with leaves or vegetation, while fuscipes abounds more often in
stagnant waters. However, where the leaf-filled pools tend to become
stagnant both species usually occur.
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Only the life history of the holarctic species, fuscipes, has been
worked "out but many authors have written about it. Cussae, 1855,
gave the first account of the egg-case and Schiodte, 1862, added the re-
maining stages. Miall, 1895, contributed an interesting account of its
biology but Balfour-Browne, 1910, must be credited with the most com-
prehensive treatise on the species. As yet, a complete description of the
pupa has not been presented.
The egg-cases of both species are the first of the family to be ob-
served in the spring. The earliest record was April 16 for H. fuscipes.
The egg-laying continues in full force until the cases of Tropisternus
and various others begin to appear. Then a diminishing in the number
of cases takes place. However, the cases may be taken all through the
summer and the middle of August brings the greatest number again.
This latter statement is practically true of globosus also. The cases of
fuscipes are more frequently found away from the bank, attached to
floating vegetation, while those of globosus are placed in moss or in mud
at the shore-line and usually entirely concealed, except the cap end.
Hydrobius globosus Say
Plate XI
In contrast with fuscipes, H. globosus is uniformly abundant through-
out the entire summer. Adults gathered in the spring were placed in an
aquarium-terrarium. On April 16 several cases were observed buried
in the mud away from the water-line and only the cap and flare were
showing. To the casual observer this white silk would resemble mould.
The next day one of the specimens was seen working on an uncom-
pleted egg-case. The cap had not been made and there were only nine
or ten eggs within it, Upon being disturbed, the beetle stopped spin-
ning but almost immediately recommenced. More eggs were being laid
and this process was interrupted only when the beetle wished to apply
the inner loose covering of silk. This process of adding the full comple-
ment of eggs required about half an hour and another half-hour was spent
in sealing up the opening. It took over an hour to make the broad flare
and nearly an additional hour adding silk here and there, apparently
making sure the case was properly sealed. Not only did it complete this
one case but another smaller case was soon formed next to it and the
flares of both fastened together.
The number of eggs varies from thirteen to twenty-five but the
average number is twenty. The young larvae come out the cap end,
breaking through rather than pushing off the cap. No attempt was made
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to rear any of them but they were very cannibalistic, constantly attack-
ing each other. About twenty-five were left for several clays in the same
jar and only one larva survived. Some fed readily on the Cyclops in
the jar but they were too ravenous to be satisfied.
A number of larvse, apparently full grown, were placed in ten-aria
but they would not transform. They burrowed down, making galleries
all through the earth, and even formed cells but never pupated. There
they lived for several months without food. All stages were found
throughout the summer and, in early spring, the partly grown larvae
were frequently taken under stones, leaves, or in moss. There they
were, half in water and half out, lying in wait for their prey.
Egg-case, proper, nearly spherical and about 4 mm. in diameter. A flat, round
cap closes the upper end of the case and it measures 2 mm. across. The flare, which is
continuous with the cap, varies, but one half of it is usually quite broad while the
other half is narrow.
Newly Hatched Larva.—Length, 4.5-5 mm.; width at the thorax, 0.7-0.8
mm. Whitish, with light, yellowish brown, chitinized areas. The integument is
covered with small, fine, brown, seta?.
Head quadrangular, 0.6 mm. wide and 0.528 mm. along the mid-dorsal line;
fronto-clypeal suture weakly indicated; frontal sutures irregular but converging
gradually and uniting to form a short epicranial suture; frons shaped somewhat like
an arrow-head; cervical sclerites present; gula reduced, pentagonal, rounded pos-
teriorly; the gular sutures prominent and confluent
;
articulating maxillary piece
distinct.
Labro-clypeus prominent, asymmetrical and with five distinct, acute teeth; the
outer tooth on the left set apart from the other four teeth, which are equidistant;
six setae present, one on each side of each tooth. Lateral expansions of epistoma not
exceeding the labro-clypeus, rounded and each with a row of setae at the anterior
margin.
Ocular areas in groups of six but rather indistinct. They are arranged more or
less in a compact circle. The anterior three with their axes more longitudinal u bile
the posterior three have their axes more horizontal and the last, or sixth, area is more
remote than the others, which are nearly equidistant from each other.
Antennas fairly short, not exceeding the mandibles; just about attaining the
distal end of the palpifer; the first segment constricted slightly in the middle and
about the same size as the second; the second segment swollen with a small, color-
less, antennal appendage and several sense-cones at its externo-distal angle: a long,
slender, interno-distal seta present; third segment very much smaller than the latter
and provided apically with sense-cones, besides two long, slender seta;.
Mandibles symmetrical, prominent, stout, sharply pointed at their tips, and each
with three well-defined inner teeth. The most distal tooth is the largest, the middle
one a little smaller, and the proximal one considerably smaller. The molar area is
smooth and rounded.
Maxillae with joint-like palpifer; stipes stout, tapering slightly ,with a row of
five setae on its inner surface; palpifer with a slender chitinous appendage, longer
than the first segment of the palpus and bearing a terminal seta at its disto-medial
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angle; a single inner seta near its base; palpi shorter, gradually tapering; the Brsl
segment narrower than the palpifer and only about one-fourth the length of the
second segment; the third is a little shorter than the second and provided with
terminal sense-cones.
Labium extending forward almost as far as the tips of the mandibles; the first
segment of the palpus short; the second segment about four times as long but nearly
the same width and bearing several terminal sense-cones; ligula prominent, slender
and almost twice as long as the first palpal segment; palpiger quadrate with sides
slightly rounded; two long seta? in the membrane at the base of the ligula; mentum
slightly wider than palpiger, longer than wide and constricted a little in the middle;
its dorsal surface with numerous short spines towards the sides and in the middle;
the submentum extremely transverse and joint-like.
Prothorax with sides rounded, about the same width as the head. Anterior and
posterior margins of pronotum narrowly non-chitinized; sagittal line present, pro-
sternum with two large sclerites in front of the coxa? and contiguous along the median
line. Meso- and metathorax the same width as the prothorax but about one-half as
long; sclerites of meso- and metanotum fairly large and irregular; the former sub-
triangular and less irregular than the latter, wdiich are transverse and each with a
posterior T-shaped projection. Epi- and hypopleurites both rounded, bearing a seta
surmounting a little tubercle. Mesothoracic spiracles each at the tip of a small tuber-
cle. Two small, elongate, pro-mesotergal sclerites present. Sagittal line prominent.
Legs about as long as the thorax is wide; coxse transverse; femora nearly as long
as the tibia?; tarsi shorter than the latter, claw-like and with two inner seta?, one more
proximal and shorter. The anterior coxse are closer together than the four posterior
coxa?, which are about the same distance apart .
Abdomen with eight distinct segments and very slightly narrowed caudally,
ninth and tenth segments rudimentary. The first seven tergites similar and separated
by a conspicuous intersegmental membrane; each of the former has three transverse
folds (scutellar fold indistinct) while the latter has only one. The pra?scuta bear two,
oval, chitinized patches, those on the first segment slightly larger than the others.
A transverse row of four tubercles, each bearing a seta, present on- the posterior folds
of the scuta and each segment with the spiracles on little conical tubercles. Epi- and
hypopleurites prominently lobed and intersegmental membranes with a single
prominent lateral lobe. Sternites with folds corresponding to those of the tergites.
The eighth tergite respresents the superior valve of the stigmatic atrium and bears
a large chitinous plate, a little broader than long and somewhat semicircular, being
rounded in front. The caudal border of the superior valve is slightly chitinized,
bears a few seta?, and is indistinctly quadrilobed, the two middle lobes more promi-
nent. Ninth tergite trilobed. The entire structure closely resembles that of Cym-
biodyta.
Full-grown Larva—Length, 15 mm. ; width, 2.96 mm. Color brownish above
and dirty white or gray below. Tubercles and lobes of body much more pronounced,
as well as the small brown seta? covering the integument. Head measures 0.86 mm.
along the dorsal line and 1.08-1.2 mm. in width. First segment of antenna? about
twice as long as the second. Terminal segment of palpus noticeably shorter than
penultimate. Prothorax with several, small, dark markings on the pronotum and
slightly widened posteriorly. Meso- and metathorax gradually wider than the pro-
thorax. The stem of the T-shaped projections of the mesonotal sclerites lost. Legs
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not as long as thorax is wide. First six segments of the abdomen about the same width
as each other and slightly wider than the mesothorax. The scutella are more distinct.
Seventh to eighth segments narrowed eaudally. Small round patches composed of
tapering setae are present on the folds as follows: six on the anterior scutal fold, the
two inner ones almost contiguous; three on the posterior scutal fold; four on the
scutellum; and four on the intersegmental membrane. The pleural lobes also bear
groups of these setfe in addition to the brown setas.
Hydrobius fuscipes Linnaeus
Plate I, Figures 3 and 8
In the early spring fuscipes is very abundant but, as the season pro-
gresses, they are harder to locate. Many have been taken under lights
at night and they take flight very readily. Thus their apparent absence
from their normal habitat is doubtless accounted for. This absence is
evidently only periodic, as they are sometimes quite abundant in the
middle of July when the pools are becoming concentrated. Miall says
that many pupse of fuscipes are found during July and that the globular
cell is formed one-half an inch below ground in mud or clay on the bank.
He adds that the adults appear in August and soon lay their eggs.
No constant differences could be found between the larva of this
species and globosus. H. fuscipes is often a little smaller but otherwise
they are apparently identical. No specimens of full-grown larvse are at
hand, but I would not expect striking differences in them. The middle
tooth of the labro-clypeus seems to be constantly truncate in the speci-
mens of fuscipes which were examined, but T hesitate to consider this as
a separation character.
Hydrobius tesselatus Ziegler
A full-grown larva of this species was taken, together with the
adult, by Mr. E. A. Schwarz. It was found among some leaves which
had caught in the tree-roots near the bank of a swiftly flowing stream.
The larva closely resembles globosus and is quite tuberculate.
Hydrobius scabrosus Horn
All the stages, except the egg-case, are in the U. S. National Mu-
seum Collection. They were taken September, 1891, in debris in a
stream at Bear Creek, Montana. The larva looks very much like a small
globosus larva. It differs, however, in the teeth of the labro-clypeus.
The full-grown specimen has only four distinct teeth, three to the right
and a fourth set a little to the left of the three. The middle tooth of the
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three, however, shows an indication of another tooth. The mandibles
have three inner teeth but the most proximal tooth of each is very small.
The cerci of the pupa are tapering, fleshy, and about equal to the
seventh to ninth abdominal segments inclusive. The motory styli of
the abdominal terga are four in number and each pleurite bears one.
Helocombus Horn
Only one species, H. bifidus, represents the genus over the entire
world. In the .field it is often confused with Hydrobius fuscipes and
differs principally in its longer maxillary palpus, the last segment of
which is shorter than the penultimate. It might be taken for Philydrus
ductus, a common associate, but the elytra of the latter is not striate.
Few specimens have been captured in the immediate vicinity of
Ithaca and it is only by chance that one collects them. However, they
proved to be rather plentiful during May in the pools bordering the
Ringwood Road at the source of Cascadilla Creek. Their life is spent
under leaves at the edge of the.ponds. The life history is unknown but
the stages are probably close to Cymbiodyta.
Cymbiodyta Bedel
Superficially this genus is very close to Philydrus but is easily sep-
arated by the transverse mesosternal carina, in contrast with the longi-
tudinal keel of the latter. The presence of only four segments in the
middle and hind tarsi bears additional testimony of the validity of this
genus. In New York we have four representatives of this group, namely,
C. fimbriata, C. blanchardi, C. lacustris, and C. rotunda. Of these, the
two former have been collected in the vicinity of Ithaca in fairly large
numbers, while there is doubt as to the presence of the latter two, al-
though one specimen 1 of lacustris (?) was reported in 1909 by Professor
J. C. Bradley. The life history of none of the species has been worked
out.
Both C. blanchardi and C. fimbriata are found in the same environ-
ment and are often taken together. The easiest method of collecting
seems to be taking the debris, including leaves, sticks, and decaying
matter which accumulates near the shore-line, and washing the beetles
out by placing and shaking the trash in deeper water. The beetles, as
with other Hydrophilidse, rise to the surface and can easily be picked up
by the fore finger and placed in the collecting jar. Often they are so
•The specimen is not at hand so I was not able to verifv its determination as such.
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abundant that they may be taken readily from dead leaves, where the
cling to the under side, apparently avoiding the sunlight. They have
been observed in both still and flowing water but seemed to be most
frequent dwellers in the little pools formed by rain-water or springs. One
record shows a specimen captured in moss which was under a small fall
in a swiftly flowing stream, but this evidently is not its most common
habitat.
The best collecting grounds encountered for these two species
were located at the base of a steep hill where the rain-water and springs,
which trickled down over the surface of a small plateau, had formed small
pools. The plateau was composed of a sandy loam and covered with a
mat of dead leaves, etc. It was here in the middle and latter part of
July 1916, that all stages of C. blanchardi and C. fimbriata were observed.
Miss Ruby B. Hughes reported to me the presence of larva?, which
climbed up her tent-trap, 1 in abundance. The larvae proved, in clue
season, to be C. fimbriata, as well as C. blanchardi, and a thorough ex-
amination of the surrounding area disclosed eggs and pupse in unusual
abundance. The larvae in all stages were found under the leaves and
stones; the eggs, in the moss on the bank; and the pupa, as well as the
emerging adults, in the bank.
Cymbiodyta fimbriata Melsheiiner
Plate XII
The arrangement of the eggs laid in the aquaria by members of
this genus was rather puzzling at first because of the fact that no case
seemed to be completed. The eggs alone were deposited and covered
by a loos? spinning of silk, such as is found within an egg-case, but with
no outer covering, which is characteristic of the family.
On March 24, 1915, C. fimbriata was noted ovipositing in the aqua-
rium on the under side of a stone which was lying out of the water. The
beetle seemed to be having difficulty and, supposing from its actions
that it was drying up, I placed a drop of water in such a position that it
would roll on to the eggs. This, however, caused the beetle to leave its
position immediately and it failed to return to its interesting occupation.
When spinning, the spinnerets are protruded far out and the silk, which
seems to be coming from the tips of the organ, is applied somewhat as
paint is by a brush. When the drying up began, as noted above, the
iMiss R. B. Hughes was at. that time taking a census of the population emerging from damp places
by placing a tent-trap and examining the catch at intervals.
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silk seemed to become more and more sticky, thereby making it appar-
ently hard work for the beetle to extricate the spinnerets at the end of
each application.
Not until several egg-masses were procured in the field was I assured
that C. fimbriata is in the habit of laying egg-masses without the usual
coverings. On April 28, 1915, at McLean, while collecting in leafy
pools where Hydrobius globosus, Paracymus subcupreus, Anemia infuscata
and Cymbiodyta fimbriata abounded, I turned up a layer of leaves which
were moist but not in the water and noted a mass of thirty eggs similar
to those laid in my aquaria indoors. When these had hatched they
proved to be the eggs of C. fimbriata. In none of my observations on
egg-laying have I noted an egg-mass laid by a Cymbiodyta that had the
usual complete covering; which seems to be conclusive evidence that
this species does not add the outer protective layer.
C. fimbriata laid from fifteen to forty-three eggs, which hatched out
in seven to nine days. It was interesting to note that, if eggs were not
taken out of aquaria and isolated, they were usually destroyed by the
adults, although I did not observe them in the act.
The larvae are apparently not as cannibalistic as the larger members
of the group and appear not to notice their brothers and sisters unless
they accidentally bump into each other. However, one specimen
observed devouring a larva of Philydrus which was about the same
as itself. The length of life history in this genus is probably about t
months. On May 19, 1915. two large larva?, evidently hatched from the
egg-cases found the latter part of March, were observed in the aquarium.
About the middle of June they seemed fairly mature but died without
pupating.
Although I have not determined the length of the pupal period in
either of the two species, it is probably three or four days, as in Philydrus.
Upon finding the larvae in all instars on the flats above mentioned, I
searched the bank to see if the pupae of the beetle could not be located.
The first day brought little reward except the egg-masses of C. blan-
chardi. However, on the second day, fortune favored me and several
feet from the water in slightly moist loam and an inch or less under the
moss, a veritable array of pupae, including more especially those of
C.
blanchardi, C. fimbriata (few), Dascyllidae and Dytiscidae, was found.
All stages, except the egg stage, were present in the cells and so, by dig-
ging carefully and saving the pupal and larval skins, the necessary con-
necting links in their life history were easily obtained.
was
size
.wo
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The adults of C. fimbriata upon emerging are light brown below;
the thorax is light brown; their head is darker brown; the second pair
of wings are gray; the first pair are white; and the eyes quite dark
brown. Until fully colored, about two days, the adults seemed to re-
main in their cells, as many were noted as being very dark when removed
from their underground home.
On April 11, a number of adults of C. fimbriata were dug out from
the bank of a pool about five or six feet from the shore-line. This tends
to show where the beetles spend their winter days.
Eggs.—There seems to be no special arrangement of the eggs except that they
are usually placed like logs in a pile and covered sparsely with fine white silk, through
which the eggs may be seen.
Newly Hatched Larva.—Length, 3 mm.
;
width, 0.4 mm. Whitish. Head
and mandibles light yellow; sclerites of thorax and abdomen light brown (mesocerci
darker) ; integument dotted with minute spines, which are more abundant on the
top of the folds than in the furrows.
Head square, elevated slightly; fronto-clypeal sutures weakly indicated; frons
limited by the frontal sutures, gradually narrowed towards the median line, semi-
circular behind; epicranial suture very short, almost absent; gula reduced with its
sutures fairly prominent and confluent; two, small, horizontal, elongate, cervical
sclerites present.
Labro-clypeus irregularly toothed, possessing usually seven teeth (the most
lateral tooth on each side indistinct), some of which tend to be toothed again, and
with four short spines, a little longer than the teeth, regularly placed, arising dorsally
between the bases of these teeth and projecting forward. The lateral expansions are
similar to each other, with anterior margin straight and slightly inclined laterally.
Epipharynx spinous.
Ocular areas in groups of six but rather indistinct . They are arranged more or less
in a circle. The anterior three have their axes more horizontal and the last, or sixth,
area is more remote than the others, which are nearly equidistant from each other.
Antennae fairly short, not attaining the tips of mandibles but exceeding the distal
inner tooth; first segment equal in length and width to the second; second segment
not noticeably swollen in the middle and bearing a small colorless, two-segmented,
finger-like antenna! appendage, the basal segment small, in addition to the sense-cones,
and a single, small, slender appendage at the latter's base and at the inner anterior
angle; third segment a little longer than the appendage of the second segment, which
is three times as long and wide as the former, and bearing at its extremity three long
seta; and several sense-cones.
Mandibles nearly symmetrical, fairly prominent and stout, sharply pointed at
their tips, and each bearing two inner teeth, the basal one smaller; the left basal tooth
seems to be slightly smaller than the right basal tooth; inner surface of anterior
piece and anterior tooth serrate; molar area not serrate.
Maxilte wdth joint-like palpifer; stipes large, swollen, narrowed slightly towards
the apex, longer than the palpifer and palpus together, and its inner surface provided
with a row of five stout setse and several more slender setfe near the externo-distal
angle; palpifer small, a little wider than long, beaiing a single, stout, inner, lateral seta,
60 Bulletin American
Museum of Natural History [Vol. XLII
near its base, and an inner rudimentary
lobe, possessing apical seta,; first segrnent of
\inus the same length as the rudimentary lobe of the
palpifer and a little more than
Ll the second while the third is not quite as long as the first two
together but more
lender and more cylindrical; each bears a few
slender setae, the terminal segment
possessing a group of sense-cones at its
extremity. Articulating maxillary piece well
deVe
Labhlm extending forward almost as far as the tips of the
mandibles
;
submentum
verv small- mentum somewhat cordiform;
palpiger dome-shaped, four-fifths the
mentum in' length, bearing several prominent setae
dorsally; labial palpus with first
segment short, second segment about three times as
long and bearing sense-cones at
its tip" lignla present and slightly exceeding the
first segment of palpus in length.
"
Prothorax with sides slightly rounded, of same width as
head. Anterior third of
nronotum non-chitinized, sagittal line present,
presternum with two fairly large
sclerites in front of the cox*. Meso- and metathorax a
little narrower and shorter
than the prothorax; sclerites of mesonotum and metanotum
fairly large, the former
subtriangular and the latter elongate; two elongate sclerites
are present in the pro-
mesotergal conjunctivum; sagittal line prominent. A spiracle on a small
tubercle at
each antero-lateral angle of the mesothorax.
Le°-s fairly long slightly longer than thorax is wide;
coxa? transverse, grooved
laterally to receive the femora; femora longer than
the tibiae; tarsi well developed,
claw-like about as long as the tibia and bearing two inner setae.
The anterior coxa
are closer together than the four posterior coxae, which are
about the same distance
aPal
\bdomen with eight prominent segments and very slightly narrowed caudally,
ninth and tenth rudimentary. The first seven tergites
similar and separated by a
conspicuous intersegmental membrane; each of the former has three
transverse folds
while the latter has only one. The first tergite bears two transverse
chitimzed patches
on its praescutum. Lateral tubercles are not
clearly defined but there are apparently
two larger ones on the segment and two smaller more pointed
ones on the membrane
following The sternites are not chitinous and have folds corresponding
to those ot
the tergites The eighth tergite represents the superior valve of
the stigmatic atrium
and bears a large chitinous plate, which is a little broader
than long The cauda
border of the superior valve is chitinized, bears a few setae, and
is slightly bilobed.
Procercus one-segmented, subcorneal, with a chitinous plate on the
inside and a group
of three sets arising dorsally from tubercles on their apical
half. Mesocercus two-
segmented and chitinous; the first segment dome-shaped, bearing
a central dorsal
seta as well as a ventral seta; the second segment very small,
papilhform and bearing
a terminal seta (0.4 mm. long); between these two segments
there are several sense-
cones in the membrane. The ventral valve, or ninth tergite, is
trilobed posteriorly
and the lateral lobes possess chitinous areas from which arise two
setae mounted on
tubercles. The acrocerci2 are evidently attached to the under side of these
lobes and
each bears a terminal seta. The median lobe is large and somewhat
cordiform; its
dorsal surface covered, except for a narrow border, with a chitinous
plate. Near the
caudal margin are four setae, the outer two of which are in line with
each other and a
little anterior the median two.
The outer lobes, which are present in many of the Hydrobiina- ,^I^^'^'theTentral. It is
*A question arises as to whether the acrocerci are the
dorsal tubercles and f™™™^*™^^ as
difficult to determine; but. from position as described by d Orchymont, I
have consiaerea
ventral.
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Full-grown Larva.—Length, 7-10 mm.
;
width, 1.25-1.8 mm. Orange-colored
and, when it is not too dirty, has a peppery appearance due to the dark coloration of
the integument at the base of the spines which cover the body. A striking transverse
row of dark spots is noted in some larva; on the tops of the abdominal folds. Head,
dorsally, is 0.77 mm. long and 0.G4-0.9 mm. wide. Spines of labro-clypeus mostly
lost and teeth present a scalloped appearance. Anterior inner teeth of mandibles
without serration.
Pupa.—Length, 7 mm.; width at its thorax, 3.2 mm. Whitish. Head smooth
and bears two supraorbital, styli on each side. Pronotum smooth, its anterior
margin somewhat trilobed and its posterior margin straight, slightly indented just
in front of the base of the elytra. The styli are arranged as follows: ten on the
rounded lateral and anterior margins, two of which are on the middle lobe; eight on
the posterior margin, counting the two corner ones; two on the middle lobe just
posterior and slightly lateral of the two anterior styli; and a transverse row of four
in the middle, the outer two a little anterior to the inner two. Mesonotum and meta-
notum with a transverse row of two styli. Inner spur of metatibia fairly prominent.
Tarsi not ending in a spine but blunt and tibia; not spinous on the outer side. Meta-
thoracic pterothecse visible from above. First abdominal tergite with a transverse
row of four styli; second to seventh abdominal tergites, inclusive, with a transverse
row of six styli, the outer one on each side arising from tubercles; second to seventh
pleurites each with a stylus; eighth tergite semicircular, the rounded posterior margin
bearing two styli; ninth segment with a pair of cerci, a little longer than the eighth
and ninth segments together (0.72 mm.), extending caudally and very slightly diverg-
ing; ninth sternite with prominent acute externo-caudal angles, a pair of appendages
arise from between the eighth and ninth sternites and extend caudad on either side
of the median line as far as the base of the cerci and closely appressed. Spiracles
fairly prominent and slightly raised.
Cymbiodyta blanchardi Horn
The different stages of this species seem to be practically identical
with C.fimbriata except that they are smaller in size. The larva possesses
a pair of small, very indistinct, oval patches on the second to seventh
abdominal tergites, which were not present on the larvae of C. ftmbriata.
Helochares Mulsant
The only eastern species, H. maculicollis, has not been recorded
from our fauna and is not to be expected. It is a more southern specie s
and reaches northward along the Mississippi River and its tributaries
only as far as Ohio, Illinois, and Missouri. According to Blatchley,
1910, it occurs very rarely in Indiana (Lawrence and Dubois Counties).
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Formerly this genus was united with Philydrus and it closely ap-
proaches it. Helochares, however, may be easily distinguished in the
field by the punctures of the elytra, which are arranged in rows. In
general form, it is more like Helocombus, but this genus possesses longer
maxillary palpi and its elytra are distinctly striate.
Cussac, 1852, described the immature stages but his work was not
very carefully done. The full-grown larva was figured as well as the
pupa. The latter, however, was destroyed before the drawing was
finished, with the result that the caudal end was not accurately com-
pleted. D'Orchymont, 1913, acting on Ganglbauer's suggestion for a
more accurate description of the European species, H. lividus, gave an
excellent description of the larva and supplemented it with figures.
Helochares maculicollis Mulsant
Plate XIII
I am deeply indebted to Mr. F. E. Wintersteiner for the oppor-
tunity of rearing H. maculicollis. On April 12, 1916, I received ten
living adults which he had forwarded to me from Richmond. Virginia.
They were apparently in good condition, although a number of mites
were attached to them on the under side. The specimens had been col-
lected at the edge of leaf-filled pools a few days previous to their ship-
ment.
When placed in the rearing jar, they immediately became submerged
and remained on the under side of some stones or burrowed down in the
mud. Although on sunny warm days they would be seen swimming
about the jar, yet most of their time was spent in hiding. Because of
this fact, it was difficult to observe whether or not the females carried
any cases as they were reported to do.
On June 4 the container was flooded and soon a number of young
larvae were noted floating on the surface and crawling around the edge
of the glass. Later in the day two females were seen swimming at the
surface of the water, right side up, each with an egg-case slightly protru-
ding caudally.
The egg-case was attached by two strands to the hind femora and
not free as Schiodte describes it in lividus. The beetles could swim with
little incumbrance. Both cases hatched out two days later and forty-
six and forty-two larvae appeared from the respective cases. Other
cases were observed during the first week in July and a single case as
late as September 24. The latter case hatched on the 29th. The larva?
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very closely resemble those of Philydrus and are very voracious. They
do not hesitate to devour each other and apparently flourish on Cypri-
dopsis and Tubifex.
Little attention has been- paid to the growth of the larva} but on
August 31 of the same year several full-grown larvae were placed in the
terrarium. One of these formed a cell and transformed on September 4.
The cell was firmly made, and was apparently larger than need be, mea-
suring 7.5 mm. long, 7 mm. wide, and 4.5 mm. high. '
Egg- case.—Nearly semicircular; follows the contour of the abdomen but
slightly exceeds it. It measures 2.16 mm. long and is 2.88 mm. wide at the anterior
margin. The two strands which attach the case to the inner margin of the posterior
femora are short and flared at the point of attachment. All the eggs are pointed
inwardly and their contour is visible through the silken case. The silk on the under
side of the case is more tightly woven than that on the dorsal side.
Newly Hatched Labva.—Length, 2.28 mm.; width at the thorax, 0.342 mm.
Whitish, except the brownish chitinized areas; integument, dotted with minute seta?.
Head quadrangular, slightly elevated; fronto-elypeal suture weakly indicated
except at the sides; frons gradually constricted towards the middle, semicircular
behind; frontal sutures uniting to form a short epicranial suture; gula reduced,
pentagonal, somewhat semicircular behind; gular sutures prominent and confluent
for a long distance; two small, horizontal cervical sclerites present.
Labro-clypeus asymmetrical, with six distinct teeth, all equidistant from each
other except the two on the left which are set slightly apart from the other four.
Six setae are present, one on each side of each tooth except between the fourth and
fifth from the right. Lateral expansions of the epistoma prominent, nearly similar and
with obtuse angles, but not exceeding the labro-clypeus. Epipharynx spinous.
Ocular areas in groups of six and indistinct; arranged somewhat in a circle;
the front five placed at regular intervals, while the sixth is a little more distant with
its axis nearly horizontal.
Antennas fairly short, not quite attaining the tip of the mandible nor distal end
of the stipes; first segment not quite as long as the second segment, slightly con-
stricted; second segment swollen, about the same width as the first and bearing at its
disto-external angle a slender, finger-like antennal appendage as well as a spine-like
seta; third segment small, less than one-fourth the length of t he second but longer than
the antennal appendage and possessing two long slender seta? and several shorter ones.
Mandibles stout, nearly symmetrical, their tips sharply pointed and each with
two inner teeth, the proximal tooth being smaller than the distal one; the proximal
tooth of the left mandible smaller than that of the right; the anterior pieces and inner
teeth indistinctly toothed on their inner surfaces. Molar areas smooth and rounded.
Maxilla? with joint-like palpifer; stipes stout, swollen, not noticeably narrowed
towards the apex, about two-fifths longer than the palpus and palpifer together, its
inner surface with a row of five stout setae, and two slender setae near the externo-
distal angle; palpifer short, transverse, and bearing an inner rudimentary lobe,
possessing two apical seta?; palpus slightly tapering; the first segment shorter than
the palpifer and less than one-fourth as long as the second palpal segment ; the third
segment slightly shorter than the second and with distal sense-cones.
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Labium not attaining the distal end of the stipes; submentum extremely trans-
verse, short, joint-like; mentum somewhat cordiform, its upper surface with numer-
ous short spines and a seta in each externo-frontal angle; palpiger
shorter than sub-
mentum and with sides rounded; first segment of palpus short; second segment about
three times as long and possessing several slender apical seta?; ligula well developed,
slender and almost twice the first palpal segment in length.
Prothorax with sides slightly rounded, of the same width as the head; pronotum
well chitinized except at anterior and posterior margins; sagittal line present and
continuing throughout the thorax; prosternum with two large sclerites in front of the
coxa- touching along the median line. Meso- and metathorax slightly wider than
prothorax but about one-half as short; mesonotum with fairly well-developed sclerites
divided in front by a horizontal suture and with four slightly chitinized square areas
at its posterior margin. Pro-mesotergal and meso-metatergal conjunctiva with two
very narrow sclerites. Sclerites of metanotum very irregular, each with a widely
separated posterior projection. Epistema and epipleura are cushion-like lobes.
Legs fairly long, about twice as long as the thorax is wide; coxa; transverse, a
little longer than the femora; tibia; slightly shorter than the latter but much longer
than the well-developed claw-like tarsi, which bear two inner setse set side by side.
The anterior coxa; a little, the middle more, and the posterior widely separated.
Abdomen with eight distinct segments and very slightly narrowed posteriorly;
ninth and tenth segments rudimentary. The first seven tergites similar and separated
by a conspicuous intersegmental membrane; each of the former has three transverse
folds, while the latter has only two. The first tergite bears two pairs of small, chitin-
ized patches, the anterior very small and usually covered by the metathorax. Epi-
sternites and epipleurites similar to the thoracic ones and are cushion-like lobes.
Lateral lobes of intersegmental membranes single and not double as in Philydrus.
The second fold of each of the first seven segments bears a transverse row of four in-
conspicuous tubercles, the inner pair more prominent with a small chitinous ring at
its base. The tubercles each bear a colorless seta. The sternites have folds corres-
ponding to those of the tergites but have no chitinized areas. The eighth tergite
represents the superior valve of the stigmatic atrium and bears a large plate which is
wider than long. The posterior margin of the latter is nearly straight, its sides are
rounded and its anterior margin only slightly emarginate. The posterior margin of
the superior valve is four-lobed, each lobe with a seta. The atrium closely resembles
that of Cymbiodyta.
Full-grown Larva.—Length, 8 mm. ; width at the mesothorax, 1.27 mm. Gray
colored or dirty white except chestnut-brown chitinized areas. Head, dorsally, 0.6 mm.
long and 0.69 mm. wide. Labro-clypeus is more oblique. The first segment of the
an-
tenna; has become more elongate and now is longer than the second segment, theanten-
nal lobe is slightly shorter and less prominent. Mandibles are very blunt and have
lost
their serrations. Mentum with the seta in each externo-frontal angle prominent as
well
as each medio-lateral one. Prothorax enlarged slightly posteriorly. Body increases
in width gradually as far as the second abdominal segment and then decreases.
Pupa.—Length, 5.2 mm.; width at its thorax, 2.16 mm. Whitish. Head smooth
and bears two supraorbital styli on each side.
Pronotum smooth, its anterior and posterior margins straight, the latter
very
slightly emarginate in the middle. The styli are arranged as follows: ten at
the
lateral and anterior margins, two of which are at the middle of the anterior
margins,
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eight at the posterior margin, counting the two corner ones; two just posterior and
slightly lateral of the two middle styli of the anterior margin; a transverse row of four
in the middle, the outer two a little anterior the inner pair; a few other inconspicuous
styli are present.
Mesonotum and metanotum with a transverse row of two styli. Inner spur of
metatibia not very prominent. All tarsi not ending in a spine but blunt and tibia;
not spinous on the outer side; first to seventh abdominal tergites inclusive with a
transverse row of six styli; second to seventh pleurites each with a stylus; eighth
tergite semicircular, the posterior rounded margin bearing two styli; ninth segment
with a pair of tapering, fleshy cerci, longer than the ninth tergite (0.62 mm.) extending
caudally and diverging slightly. Externo-caudal angles of ninth sternite obtuse and
not very prominent. A pair of appendages arise from between the eighth and ninth
sternites and extend caudally on either side of the median line to the base of the cerci
and closely appressed to the ninth segment. Spiracles oval, prominent, second to
sixth visible.
Helochares normatus LeConte
Zaitzev, 1908, placed this species under Chasmogenus but questions
it. The egg-case, as well as the larva, closely resembles H. maculicollis
and it doubtless belongs under this genus.
Philydrus 1 Sober
In our fauna there are six members of this group and, although they
are apparently close in general structure, yet coloration, size, and form
play such an important part in their separation that they are easily
determined after one has had a brief introduction to the systematic
study of them. The most easily confused member is doubtlessly P.
perplcxus, which may be easily placed as Cymbiodyta fimbriate! unless
the genus is first assured. In size the species range from P. ochraceus
(the smallest), P. nebidosus, P. perplexus, P. hamiltoni, and P. cinctus to
P.consors (the largest). The first two species named are very abundant
near Ithaca while the latter three are comparatively rare, although one
mud-pocket yielded about a dozen specimens of P. consors in company
with a larger number of Cymbiodyta fimbriata when the writer was col-
lecting in late June.
The life history of this genus has been studied only in Europe,
where Schiodte reared P. testaceus Fabr. and figured2 the stages in his
well-known work. The writer has been able to compare this life history
with that of some American forms which he has reared.
JZaitzev, in his 'Catalogue des Coleopteres aquatiques families des Hydrophilidaa ' gives Enochrus
«stnp valid name, claiming that Philydrus is preoccupied, but the author feels convinced that Philydru/t
should stand. Philydrus was originally used without the "h."
2Thc figures by Schiodte are not entirely accurate. The labro-clypeus should be oblique and the
'eft mandible was evidently incorrectly drawn.
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The common habitat of all the species seems to be in small pools,
either at the water's edge in the mud or in the Spirogyra farther out.
P nebulosus may be taken at almost all times of the
year, depending in
the winter upon warm spells. October 17
of one year proved to be the
most profitable day encountered for the procuring
of the adults of this
species, when as many as fifty were taken from the roots
of the vegeta-
tion bordering the shores of Dwyer's Pond.
The eggs, which vary in number and size in the different species,
are usually enclosed in an outer covering of
silk or cocoon in addition
to the usual inner layer and are particularly
characterized by the ribbon-
like filament, which only the genus Hydrobius
approaches. The cocoons
are found attached to all kinds of objects but usually at
the surface of
the water, more frequently to blades of
grass or Spirogyra, with its rib-
bon stretched out over the surface. They are laid most abundantly
during May but are found from April to August in the field. Indoors
they are apt to be laid any month in the year. Ten egg-cases
were made
by a single specimen of Philydrus nebulosus during
February and some
of them were placed below the surface of the water. The time required
for hatching is from six to nine days.
The larvae may be procured during the summer months by strenu-
ously washing the banks of pools where the egg-cases or
adults are found.
They seem to burrow in the mud near the water's edge, while some
repose on the under side of stones as far from the water
as it is moist.
In their method of walking they resemble very closely the
eruciform type,
as their motion is rhythmic. The true legs move first, the
inconspicuous
prolegs next, and finally the end of the abdomen is used. The
larval
period lasts about two months.
The pupal stage is quite short, taking up three or four days. 1
his
stage was observed indoors either in the aquarium where it
was formed
or else by taking the mature larva and placing it in a
jar with moist
earth where it formed a cell below the surface in the usual
manner or
pupated on top of the ground. On July 20, 1916, many pupa
of P.
nebulosus and P. perplexus were found in cells underneath
stones or m
the moist bank. The pools at this time of the year were
gradually dry-
ing up and naturally possessed a concentrated array of beetles.
The progress of coloring in the adult, after emergence, was
observed
in P nebulosus. At first the head, thorax, and elytra are very
dirty
white, nearly brown, and the appendages of the head
nearly white,
while the legs are tinged a little with brown. The eyes soon
get black
and the whole body darkens gradually, the thorax getting
its coloi
much more slowly than the elytra.
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Philydrus perplexus LeConte
Plate XIV, Figures 1 to 10
Egg-case, without its ribbon, shaped very much like the terminal joint of one's
finger. The top of the case is slightly concave, while the under side conforms with
the object to which it is fastened. The case proper is 1.8 mm. high and 1.56 mm.
across the top, where the greatest width is found. The filament is broader than the
diameter of the cap and, although varying in the different cases, is usually about 3.6
mm. in length. The round cap, covering the top of the egg-case proper, is continuous
with the inner layer of the ribbon.
Newly Hatched Larva.—Length, 2.52 mm.; width, 0.39 mm. Whitish,
except brownish chitinized portions; integument dotted with minute setae.
Head quadrangular, elevated slightly; fronto-clypeal suture weakly indicated,
more prominent at the sides; frons somewhat campanulate; epicranial suture very
short; gula reduced and pentagonal, the antero-lateral sides about one-third the
postero-lateral in length; gular sutures prominent and confluent; two small, hori-
zontal, elongate cervical sclerites present.
Labro-clypeus possesses at the extreme right a prominent acute tooth and a row
of five to six setae; the tooth on the right seems to vary quite a little, in some cases
being apparently single, in others double and in some tending to be tridentate. Just
below there appears to be a flap which is irregularly serrate, and has a fairly promi-
nent tooth1 at the extreme left. Lateral expansions of epistoma prominent, unequal,
acute and slightly exceeding the labro-clypeus. Epipharynx spinous.
Ocular areas in groups of six and indistinct; arranged somewhat in a circle; the
first five placed at regular intervals while the sixth is a little more distant with its
axis nearly horizontal.
Antennae fairly short, not attaining the mandibles but exceeding the distal inner
tooth; first segment equal to the second in width and nearly the same length; second
segment not noticeably swollen in the middle and bearing a small, colorless, finger-
like antennal appendage, in addition to the sense-cones at the latter's base; third
segment nearly twice as long as the appendage of the second segment, which is three
times as long and wide as the former, and bearing at its extremity several sense-
cones and long seta;.
Mandibles asymmetrical, fairly prominent, sharply pointed at their tips and with
the inner surface of the anterior piece slightly serrate; the left mandible with a single
anterior tooth while the right one possesses two; both of the anterior teeth serrate on
their inner surface, those of the left often very indistinct; molar areas smooth.
Maxillae with joint-like palpifer; stipes large, swollen, not noticeably narrowed
toward the apex, longer than the palpifer and palpus together, its inner surface
provided with a row of five stout setae, and several slender setae near the externo-distal
angle; palpifer small, the length five-eighths the width, bearing a single stout, inner,
lateral seta near its base and a rudimentary lobe possessing apical setae; palpus borne
by the palpifer, three-segmented; its first segment equal to the rudimentary lobe of
the palpifer in length and a little more than one-half the second, while the third is not
'This tooth may be a part of the labrum proper but in most specimens seems to be in line with the
serrate flap.
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strong dorsal seta on either side of the median line, slightly anterior in position; the
seta at the base of the labial palpus stout and fairly prominent and those at the base
of the second segment slender.
Pupa.—Length, 5.13 mm.; width at its thorax, 2.22 mm. Entirely whitish,
except eyes. Head smooth and bears two supraorbital styli on each side, the
anterior styli more lateral than in Cymbiodyia, in which they are set nearer the median
line than the posterior styli; an inconspicuous tubercle on each side of the median
line near the vertical margin.
Pronotum smooth, its anterior margin somewhat trilobed and its posterior margin
straight, slightly indented just in front of the base of the elytra. The styli are
arranged as follows: ten on the lateral and anterior margins, two of which are on the
middle lobe; eight on the posterior margin counting the two corner ones; two on the
middle lobe just posterior and slightly lateral of the two anterior styli (these four
styli are more in a transverse line than in Cymbiodyta) and a transverse row of four
in the middle, the outer two a very little anterior the inner pairs. Mesonotum and
metanotum with a transverse row of two styli. Inner spur of metatibia fairly promi-
nent, an outer adjacent spur less prominent. Tarsi not ending in a spine but blunt
and tibia; not noticeably spinous on the outer side, although the meso- and metatibia;
have slight indications of spines. First abdominal tergite with a transverse row of
four styli; second to seventh tergites inclusive, with a transverse row of six styli, the
outer one on each side arising from a tubercle; second to seventh pleurites with a
stylus; eighth tergite semicircular, the rounded posterior margin bearing two styli;
ninth segment with a pair of tapering, fleshy cerci, a little longer than the sixth to
ninth tergites together (1.2 mm.), extending caudad and very slightly diverging.
Ninth sternite with prominent, acute, sxterno-eaudal angles. A pair of appendages
arise from between the eighth and ninth sternites and extend caudad on either side of
the median line to the base of the cerci and closely appressed to the ninth segment.
Philydrus nebulosus Say
Plate I, Figure 9
This species is very close to P. perplexus in its early stages and the
egg-cases have no distinctive characteristics for their separation. From
thirteen egg-cases, an average of 19 larvae were obtained with 24 and 11
as the extremes. Eggs, laid on March 16, hatched on the 25th. They
seemed to feed readily on the entomostracans, Chironomidas, Tubifex,
etc., in the aquarium, and the first molt was noted in eight days. I
failed to see the second molt but on June 3 pupse were observed on
Cladophora, which had pushed just above the surface of the water. The
newly hatched larva? measured 2.256 mm. in length by 0.312 mm. The
inner surfaces of the anterior pieces and anterior teeth of the mandibles
and flap of labrum much more prominently toothed than in perplexus.
These latter serrations seem to keep prominent in the more mature larvae,
although most of the fully grown larva; are hardly distinguishable from
P. perplexus.
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The pupa is identical with that of perplexus, except
that it is
generally smaller. Length, 4.5 mm.; width, 1.6
mm.
Philydrus ochraceus Melsheimer
Plate XIV, Figure 11
As this is our smallest Philydrus, the stages are
smaller throughout.
The egg-case, which is characteristic of this genus, is
much more flat-
tened than in the other species and the ribbon seems to be
correspond-
ingly broader. The length of the case proper is 1.32 mm,
its width about
the same, while the filament is twice as long, or 2.65
mm., in the speci-
mens at hand. An average of twelve eggs hatched from each
case.
Newly Hatched LARVA.-Length, 1.97mm.: width 0.288. mm. Ghitinized parts
liKhtyellow; and reddish eyes are distinct. Inner surface
of the anterior piece of
each mandible distinctly serrate ; the right anterior tooth
dentate but the left anterior
tooth and the right posterior tooth simple.
Philydrus cinctus Say
Although I question whether it is the customary habit of this
species to omit the usual outer covering, yet such was the
condition
found in one of the indoor aquaria. On June 4, 1915, a female laid a
mass of thirty eggs, perpendicular to a stone under some
Cladophora
and with only the loose inner spinning of silk to cover it. Unfortunately,
the eggs did not hatch. The full-grown larva, measuring 7.9 mm, was,
however, captured. It had no serrations on the mandibles and the labro-
clypeus possessed a single tooth at the extreme right and left. Serrate
flap with four inconspicuous teeth Pupation occurred on July 20
and
the adult emerging on the 23rd was entirely light brown.
Philydrus hamiltoni Horn
An adult female taken on May 11, 1916, deposited an egg-case on a
moneywort leaf in the aquarium the 15th, and thirty larvse hatched out
on May 20 and 21 . On the same day that the adult was collected, an egg-
case was taken in Vanishing Brook, where it was attached to a blade
of
grass at the edge of the water. The egg-case proper is 3.4 mm. wide at
the middle and 2.3 mm. high. The filament, which spread out over the
surface of the leaf, measured 2.3 mm. in width and 6.8 mm. in length.
It
is of about the same breadth throughout and in this respect is more
like
ochraceus than nebulosus or perplexus.
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Newly Hatched Larva.—Length, 2.66 mm.; width, 0.39 mm. Chitinized
parts mostly brownish; the anterior of the head, however, except the palpus of the
maxilla, light yellowish. Inner surface of the anterior piece of each mandible serrate.
The right distal inner tooth serrate but the distal left and the right proximal inner
teeth are simple. The serrate flap of the labrum is fairly conspicuous and with a very
prominent tooth at the left.
AncjEna Thomson {ex -parte Cryniphilus 1 )
There is hardly a stream or pool in the vicinity of Ithaca that will
not yield the only representative of this genus which frequents our
waters, Anccena infuscata. The specific name is well applied but close
examination is necessary to be absolutely positive that it is not the closely
related Paracymus subcupreus. The most ready character for their
separation lies in the nature of the hind femur which in infuscata is
densely punctulate and pubescent, except near the tip; while in sub-
cupreus it is smooth, finely strigose, and not pubescent but with a few
scattered punctures.
Although very often taken together, yet some collecting grounds will
show one or the other of these species to be in predominance, A. infus-
cata being the more numerous as a rule. The adults are particularly
abundant during certain seasons. The spring season collecting brings
the richest harvest and hundreds of them may be taken in single clumps
of grass, the roots of which are submerged in the waters of little pools or
streams during the week following the spring flood. They rarely seek
the sunlight, at least in cool or cloudy weather, but hide beneath the
blades of grass, leaves, or debris at the shore-line. One day, however, a
group of them was noted dotting the upper surface of some submerged
stones; they were apparently basking in the sunlight and very much
resembled small scale insects. When searching for their place of hiber-
nation, several were taken in April a few feet from the water under
stones and pebbles.
D'Orchymont described the larva of Anccena limbata. This species
closely resembles Paracymus subcupreus but differs considerably from A.
infuscata.
Ancsena infuscata Motschulsky
Plate XV
The egg-cases are similar to those formed by Laccobius, from which
they are separated with difficulty. My notes for the season of egg-laying
give only the month of May. The number of eggs, enclosed in the case,
'This is the original spelling of the genus. Later authors incorrectly used Creniphilus.
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varied from five to eight, and ten days were required for eggs laid in the
aquaria on May 12 to hatch. It is possible to obtain larvae during nearly
the whole year, if the aquarium is well stocked with adults. Records
show them to be present from April to October, inclusive, besides during
February. A number of fairly well-grown larvae were found under a
stick in a moist situation on May 28. As pupae were observed during the
middle of July, the larval period is probably of about two months'
duration.
Egg-cases.—Case, without its filament, nearly round and varies in size, as does
the filament. The ease proper averages 1.13 mm. in width and 1.08 mm. in length;
and the filament, 0.44 mm. in width at its base and 3.47 mm. in length. The top. of the
egg-case tends to be slightly flat and the cap is continuous with the filament, forming a
slight cavity at the base of the filament, which tapers slightly towards its tip and is
flat and ribbon-like.
Newly Hatched Larva.—Length, 1.67-1.93 mm. ; width, 0.296 mm. Whitish,
except chitinized portions which are yellowish; integument, including thoracic
sclerites, dotted with minute setae which arise from microscopic tubercles.
Head quadrangular, very slightly elevated; fronto-clypeal suture weakly in-
dicated, more prominent at the sides; frons somewhat campanulate, its rounded
posterior end attaining the caudal margin of the head so that there is no epicranial
suture and the postfronto-vertical sclerites do not meet; gula pentagonal, and the
gular sutures prominent and confluent; two small, horizontal, elongate, cervical
sclerites present.
Labro-clypeus with its anterior margin nearly in line with the lateral expansions
of the epistoma, quadridentate and possessing a row of four seta?. Left expansion
slightly more prominent than the right, both rounded and bearing a few short sets.
Epipharynx spinous.
Ocular areas in groups of six and indistinct, arranged somewhat in a circle; the
first three equidistant and with their axes nearly vertical, while the other three have
their axes nearly horizontal.
Antennae fairly short, barely exceeding the distal inner tooth of the mandible;
first segment nearly equal to the second in width, a little longer and slightly con-
stricted; second segment swollen somewhat in the middle and bearing a colorless,
finger-like appendage, in addition to the sense-cones at the latter's base; third segment
the same length as the appendange of the second segment, about twice as wide and
long as the second segment, and bearing at its extremity several sense-cones and
several long setae.
Mandibles symmetrical, fairly prominent, sharply pointed at their tips and with
three strong inner teeth, the anterior two about the same size and larger than the
small basal tooth; molar areas smooth.
Maxillae with joint-like palpifer; stipes large, swollen, slightly narrowed towards
the apex, longer than the palpifer and palpus together, its inner surface provided with
a row of five stout setae, and two lateral slender setae on its distal half, one placed
behind the other; palpifer fairly large, about the same width as its palpus, nearly as
wide as long, bearing a single, stout, inner, lateral seta near its base and a rudimentary
lobe, possessing apical setae; first segment of palpus about the same length as the
rudimentary lobe of the palpifer and equal to the second in length and width, while
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the third segment is about as long as the first two together and neai'ly as wide ; each
bears a few slender setae, the terminal segment with a group of sense-cones at its
extremity.
Labium slightly exceeding the inner distal tooth of the mandible; submentum
small; mentum and palpiger cylindrical and about the same size; mentum with short,
stout set® mounted on tubercles; palpiger with a longitudinal row of three distal seta
on each side of the median line and an additional pair just inside the middle pair of
the latter row; palpus with first segment short, second segment about three times as
long and bearing sense-cones and seta? at its tip as well as at its base; ligula present
and nearly as long as the second segment of the palpus.
Prothorax with sides slightly rounded, a little wider than the head; anterior
margin of pronotum fringed with a row of minute setse set close together; epicranial
suture present; presternum with two fairly large sclerites in front of the coxa? touch-
ing along the median line but not highly chitinized; meso- and metathorax shorter
than the prothorax and about the same size as each other; the two sclerites of the
mesonotum large, with the anterior margin of the whole concave; two triangular
sclerites present in the pro-mesotergal suture; the spiracles on tubercles at the externo-
frontal angles of the mesothorax; metanotum with two pans of elongate sclerites;
the caudal pair smaller and each with a prominent seta on its inner half.
Legs short, a little longer than one-half the width of the thorax but with just the
distal end of the tibia? and tarsi showing from above; coxa? transverse; femora a
little longer than the tibia?; tarsi claw-like, shorter than the latter, bearing a promi-
nent inner seta, and another less prominent one towards the base; the two anterior
coxae are closer together than the four posterior coxa?, which are about the same dis-
tance apart.
Abdomen with eight distinct segments only slightly narrowed caudally, ninth
and tenth segments forming the atrium. The first seven tergites similar and each
with two transverse folds while the intersegmental membrane has only one. The
pra?scutum of each of the first seven tergites bears a pair of small, oval, chitinized
patches, the first pair being more prominent and elongate than the other six. A
prominent lateral tubercle present on both the segment and the membrane, the
one on the former being larger and more rounded than that on the latter. Below the
lateral tubercle of the segment there are two others. The tubercles on the folds are
hard to make out but are arranged in transverse rows as follows: six on the first fold
of the segment, the middle pair united by a small narrow fold; eight on the second
fold; and six on the intersegmental membrane, the middle pair united by a small
narrow fold. The pair of tubercles on each side of the middle pair of tubercles of the
second fold bear a seta. Each spiracle situated between the outer pair "of tubercles
of these first two folds. The eighth tergite represents the superior valve of the
stigmatic atrium. The structure of the atrium is similar to that of LaceoUus. The
caudal border of the superior valve is nearly straight, slightly rounded in the middle.
The procerci and especially the mesocerci are quite prominent ; the lateral seta of
each is slender but strong and slightly wavy.
Fuli^grown Larva.—Length, 3.76 mm. (5.11 mm. extended); width at the
fourth abdominal segment, 1.21mm.; depressed. Light yellowish; head and thorax
darker than the abdomen with the exception of the abdominal tubercles, which are
brownish and more pronounced than in the first instar. The tubercle on each side of
the middle pair of tubercles on the second fold of each segment is the most prominent
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of all the tubercles and together they form
two longitudinal rows, especially distinct
in freshly molted larva;. The three pairs of lateral
tubercles on each segment are very
m'ominent The sternites possess three folds and the
ventral side of the interseg-
mental membrane one. The set® on the anterior margin
of the pronotum are sparser,
about fifteen on each side of the median line, but longer,
more prominent Legs not
visible from above. Dorsal plate of eighth segment
slightly lobed medially at its
caudal margin. Head, dorsally, 0.35 mm. long and 0 43
mm. wide; retractile as
far as the ocular areas. Ligula longer than the
second segment of the palpus. A
transverse row of ten stout, dorsal setse noted on the
mentum nearly through the
middle and directed forward; the inner two sete seem
to be on the epipharynx,
which bears short and stout set®.
Paracymus Thomson (ex parte Cryniphilus)
As suggested under Ancsena, this genus is very closely allied to that
one They were formerly united under Cryniphilus. The ready
char-
acters which distinguish the single local species,
subcupreus, from
Ancmna infuscata have been given under that genus. Zambeu found the
pupa of Paracymus ceneus beneath a stone near water but
his descrip-
tion was very superficial. This is the only observation
made upon the
life history of the genus, with the possible exception of
the description
of Anccena limbata, which may in reality belong to Paracymus.
Paracymus subcupreus Say
Plate XVI
The eggs are not enclosed in a case but only covered with scattered
threads of silk. Most of the egg-laying occurs in May but one egg-mass
was obtained indoors on April 20. The number deposited varied
from
ten to fifteen, and the eggs usually hatched in about seven days.
Two pups were taken on July 19 from cells which were formed less
than an inch below the surface of the ground and two feet from the
edge
of the water. The length of the pupal period was four days, as shown
by
a larva which was reared in the aquarium. It transformed on
September
12 at noon and emerged on the afternoon of the 16th. Another
pupa,
collected on August 11 from a cell underneath a stone, came out on
the
13th.
The adult, upon emergence, was colored as follows: head brown,
with eyes darker; tips of the maxillary palpi almost black;
antennal
clubs white; thorax and scutellum brown but lighter than the head;
legs light brown; elytra white except light brown margins along
the
median line; under side of abdomen white.
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Egg-case.—Eggs are covered only with loosely applied silk and each measures
0.54 mm. in length and 0.027 mm. in width.
Newly Hatched Larva.—Length, 1.13 mm.; width, 0.288 mm. Whitish,
except chitinized portions which are brownish; integument, including thoracic
sclerites, clotted with minute seta?.
Head quadrangular, very slightly elevated; fronto-clypeal suture weakly in-
dicated, more prominent at the sides; frontal sutures converging strongly caudally
as far as the middle of the head, then slightly diverging to the posterior margin of the
head; and united by a transverse suture which runs along the hind margin of the
head so close that it is hardly noticeable; epicranial suture absent and the postfronto-
vertical sclerites widely separated; gula reduced, pentagonal, with its sides concave,
especially the latero-anterior ones; the anterior angles acute; gula sutures prominent
and confluent; two, small, oval, cervical sclerites present.
Labro-clypeus tridentate, the outer two teeth bifid, with a row of four seta?,
each of which is located between the five teeth. Left frontal angle slightly less promi-
nent and less advanced than the right, which is nearly in line with the anterior margin
of the labro-clypeus. Both angles rounded and bearing a few short seta?. Epipharynx
spinous.
Ocular areas roundish; in groups of six and indistinct; arranged somewhat in a
circle.
Antenna; fairly short, barely exceeding the distal inner tooth of the mandible;
first segment a little wider and longer than the second and slightly indented on
the
inner side; second segment swollen and bearing a colorless, finger-like appendage, in
addition to the sense-cones at the latter's base; third segment about the same length
as the appendage of the second segment, two-thirds as long and half as wide as the
second segment, and bearing several sense-cones and a prominent terminal seta.
Mandibles symmetrical, prominent, sharply pointed at their tips and with two
strong inner teeth; serrations on the inner surface of the tip as well as on
the inner
surfaces of the inner two teeth but indistinct, those on the left mandible more
promi-
nent; molar areas smooth.
Maxillae with joint-like palpifer; stipes large, swollen, very slightly
narrowed
towards the apex, much shorter than the palpifer and palpus together, with a stout
inner disto-lateral seta (there may be a row but it was not observed) and a number
of
small, stout dorsal seta? mounted on tubercles; palpifer large, a little wider than
long,
bearing a single, stout, inner lateral seta near its base and a rudimentary
lobe, pos-
sessing several short, apical sets, besides a single longer seta ; palpus
slightly narrowed
towards the apex, all segments about the same length; first segment
nearly three
times the length of the rudimentary lobe of the palpifer; the
terminal segment with a
group of sense-cones at its extremity; articulating maxillary piece
well developed.
Labium slightly exceeding the distal inner tooth of the mandible;
submentum
very small; mentum subcordiform, narrower and shorter than the
palpiger, which is
broadened distally and bears a seta on each side of the median line
near the anterior
margin; palpus with second segment more slender, one and a half
times as long as
the first segment and possessing sense-cones at its extremity;
hgula nearly as long as
the palpus, apparently two-segmented, the first segment
nearly as long as the first
segment of the palpus
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Prothorax with angles rounded, slightly wider than the head; pronotum well
developed, entirely chitinized, two tubercles on each side of its caudal half, two seta;
on each side just inside of the lateral half of the anterior margin; sagittal line present;
presternum chitinized in front of the coxa;. Meso- and metathorax shorter but
slightly wider than the prothorax and about the same size as each other; mesonotum
with two large, quadrangular sclerites almost as wide as the segment but not attaining
the sides; a lateral tubercle on each side and a spiracle on the tip of a minute tubercle
in front of each; metanotum with a pair of narrow, elongate sclerites on its anterior
half; the posterior half with two areas, corresponding in position to the sclerites on
the anterior half, chitinized and with two tubercles arising from each; a lateral
tubercle bearing a short, colorless seta present on each side.
Legs short, not visible from above, about as long as half the width of the thorax;
coxa? transverse and grooved to receive the femora; femora a little longer than wide;
tibia; about as wide as long and shorter than the femora; tarsi claw-like, inconspicu-
ous, shorter than the latter, and bearing a single inner seta; the two anterior coxa;
are closer together than the four posterior' coxae which are about the same distance
apart.
Abdomen with eight distinct segments, the first three slightly widened, the next
five narrowed very slightly caudally and the ninth and tenth forming the atrium.
First seven tergites similar and each with three transverse folds, clearly defined only
in the middle; intersegmental membranes with a single fold; each prsescutum bears
a pail- of oval chitinized patches. The tubercles on the folds are arranged as follows:
one each side of the first and third folds about half-way between the median line and
the side of the segment; two tubercles on each side half-way between the former
tubercles and the lateral tubercle of the segment; one placed nearly behind the other
(the anterior one bears the spiracle) ; two on the second fold, each arising from an
elongate chitinized area on each side of the median line; a dorsal tubercle on each
side of the intersegmental membrane. The middle region of the membranes has a
narrow, elongate, chitinized area. Spiracles on small tubercles. There are apparently
three longitudinal rows of lateral tubercles, the dorsal two being the most prominent.
The eighth tergite represents the superior valve of stigmatic atrium. The caudal
margin nearly straight but indistinctly lobed. The mesocerci prominent and broadly
dome-shaped.
Full-grown Larva—Length, 4.57 mm. (extended); width, 1.02 mm. at the
third abdominal segment; not depressed. Yellowish except tubercles, which are
brownish and much more pronounced than in the first instar.
Head, dorsally, 0.4 mm. wide and 0.35 mm. wide; retractile. Epipharynx with
spinous surface prominent. Antennal segments more elongate. Labro-clypeus
with the teeth prolonged forward more distinctly, tridentate; lateral tubercles promi-
nent and subcorneal. There are three transverse folds on each abdominal sternite
and one on the ventral side of the intersegmental fold.
Pupa.—Length, 2.42 mm.; width at its thorax, 1.345 mm. Entirely whitish,
except the eyes. Head smooth and bears two supraorbital styli. Pronotum smooth,
its anterior margin somewhat trilobed and its posterior margin straight. The sty li
are arranged as follows: ten near the anterior margin, four 1 of which are on the middle
lobe; ten2 near the posterior margin counting the two corner ones; a transverse row
The outer two of these are more anterior in position than in Cymbiudyta or Philydrus.
2Medio-lateral seta' are more posterior so that they may be considered in the posterior
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of four just a little anterior of the middle, with the outer two set a little more forward
than the inner two. Metathoracie pterotheea' visible from above. Mesonotum and
metanotum smooth, with a transverse row of two styli, each just lateral of the scutel-
lum- Inner spur of metatibia not very prominent and blunt, no outer adjacent spur
present. Tarsi not ending in a spine but blunt and tibia; not noticeably spinous on
the outer side, although all tibiae have slight protuberances. First to seventh ab-
dominal tergites with a transverse row of six styli, the outer one on each side arising
from a tubercle; second to seventh pleurites each with a stylus; eighth tergite semi-
circular, the rounded posterior margin bearing two styli; ninth segment with a pair
of tapering, fleshy cerci, about as long as the ninth tergite (0.215 mm.), extending
caudally and slightly diverging. Externo-caudal angles of ninth sternite not promi-
nent and acute. A pair of appendages arise from between the eighth and ninth
sternites and extend caudally on either side of the median line to the base of the cerci
and closely appressed to the ninth segment. Spiracles well defined but small.
9. Sphseridiinse 1
Eggs laid in a mass with a slight covering of loosely applied silk or a round
blanket-like covering of closely applied silk (Phcenonotum) ; deposited in dung, damp
earth, or on damp leaves. Larva with head elevated; antenna; with their points of
insertion situated farther from the externo-frontal angles of the head than those of
the mandibles; epicranial suture absent; ocular areas flat, round, small, varying in
size (first to third larger than fourth to sixth in Phcenonotum and Coelostoma) and
closely aggregated; labium and clypeus reduced and united; with a small projection
usually unidentate but tridentate in Phcenonotum; antenna with a more or less
prominent antennal appendage; mandibles sharply pointed distally, strongly curved
and with inner teeth, or without inner teeth and grooved on the inner side (Sphceri-
dium) ; stipes widened and depressed on the outer side in Sphsmdiwn and Cercyon but
normal in Phcenonotum and Coelostoma; stipes with many small setae on its inner and
outer sides; second segment of labial palpus distinctly longer than the first; labium
and maxilla? inserted at the anterior margin of the under side of the head; the ventral
side of the head in Sphceridium and Cercyon with the median line impressed and with
a small pit in the middle; gula very much reduced and not attaining the occipital
opening; jugular sclerites (in front of procoxas) well developed; tarsi present (Coelo-
stoma, Phcenonotum), tarsi absent (Sphceridium) , or legs entirely wanting (Cercyon).
Eight complete abdominal segments; ninth and tenth reduced, forming a stigmatie
atrium. Spiracles are rudimentary and bifore. Type of breathing is pseudo-meta-
pneustic. Cerci reduced, two-segmented. The abdomen bears no chitinized plates
and is more or less truncate. The larvse show a tendency towards the scarabseoid
type.
III. PHYLOGENETIC CONSIDERATIONS
Among the Hydrophilidse there has been an evolution of distinct
generic types. This is particularly evident among the larvae and, in an
endeavor to show the general trend of adaptation, a phylogenetic tree
iThis subfamily requires very much additional study but the characters thus tar known and those
taken from additional material at hand have been incorporated. The larva; of Phamonolum and Calo-
stoma differ materially from those of Svlusridnan and Cercyon.
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(page 81), based entirely upon larval characters, has
been erected.
Just what 'value the larval characters have for purposes
of classification
is a question. As a rule, the larvae and adults of this
family appear to
have evolved hand in hand but, in some cases, it is evident that one
specialized while the other tended to remain primitive. Nevertheless,
some value must be attached to these larval characters.
Many controversies have arisen over the question of what deter-
mines a primitive larva. Brauer, 1869, established the well-known law:
"Je naher Larve und Imago einander und der form der Stammkerfe
stehen, oder je weniger die imago, die Larve and vollkommener Organi-
sation ' iibertrifft, destoalter ist die Form." The essential thought of
this law has stood ever since but qualifications have been necessary.
Peyerimhoff, 1900. in discussing this law, stated that a careful examma-,
tion of all parts is necessary to prove that a larva,
apparently campodei-
form, is absolutely primitive.
Lameere, 1899, believed that holometabolism was brought about
by the boring of insects in vegetable tissues. As a result, an eruciform
type of larva was evolved. In 1903, he said that Brauer's
law could
only be accepted for insects without metamorphosis and that supposed
campodeiform larva? of holometabolic insects are only campodeiform
in appearance, being the result of etiological convergence.
They are
derived from eruciform larvae adapted to feeding on vegetation. The
larva? of the primordial holometabolic insects thus acquire these
special
characters only through the influence of similar habits.
It was the belief of Gangldauer, 1904, that the Hydrophilida? con-
stitute a terminal family of a primitive branch of Coleoptera whose
stock has been lost. The natural place, he said, is between the Staphy-
linidae, with which they agree in the presence of larval cerci, and the
Diversicornia with which they agree in venation. He thus indicated
that the Diversicornia, which he had established in 1902, was not
monophyletic; and, at the same time, he indirectly accepted Lameere\s
grouping of the Hydrophilida? under the suborder Palpicornia. This r?
apparently the most logical place for the family.
In this paper the true campodeiform larva has been considered as
the most primitive type. By true campodeiform larva is meant that
type of campodeiform larva which has not been evolved by etiological
convergence, but one which is strictly primitive. One finds but little
difference between Limnebius, Hydrcena, etc., and the primitive type.
A
careful examination of the specific parts in these genera reveals
only
such characters as are fundamentally primitive. Apparent vestiges
of
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the maxillulae, which Carpenter noted in the Diversicornia, are to be
found at the sides of the hypopharynx in these forms and bear further
testimony to their primitive position.
The following larval characters are considered primitive.
1 . True campodeiform type of body.
2. Well chitinized integument.
3. Head inclined.
4. Ocular areas in groups of five.
5. Antennae three-segmented and with their points of insertion nearer
the externo-frontal angles than those of the mandibles.
6. Labrum and clypeus distinct and well developed.
7. Mandibles with a lacinia mobilis.
8. Maxilla with a well-developed inner lobe.
9. Presence of rudimentary maxillulae.
10. Labium short with complex ligula and palpi.
11. Gula well developed and attaining the occipital opening.
12. Labium and maxillse inserted in a furrow on the under side of the
head.
13. Legs well developed ; tarsi without claws but claw-like.
14. Holopneustic type with annuliform spiracles.
15. Cerci three-segmented.
16. Ten abdominal segments.
The number of eggs deposited and the manner in which they are
protected are both important in phylogeny. The eggs of the most
primitive genera are laid singly and without a silken covering or, at the
most, with only a slight covering. On the other hand, many egg: arc
deposited in a mass and enclosed in a complex case by the members of
those genera best adapted to aquatic life.
The pupae of the most primitive genera have not been described.
The genera best adapted to water show a reduction in the number of
pronotal styli and an increase in the distinctness of the annulations of
these styli. The cerci become stouter and more complex, as shown by
the possession of spines, more distinct annulations, and bifid shape.
The most striking character of phylogenetic importance which
appears among the adults is, without doubt, the number of abdominal
sternites. Those genera possessing six or more sternites have larvae
which show a small indication, at least, of their evolution from the primi-
tive type. Berosus and Laccobius still possess a vestige
1 of a furrow on
the under side of the head. All other Hydrophilidae have five abdominal
sternites2 . Neither the antennae nor the tarsi are apparently stable
adult characters and the venation requires further study.
iThis evidently represents the former insertion of the labium and maxilte in a
groove on the under
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Ganglbauer divided the family into five subfamilies: Helophorinse;
Hydmninse; Sphercheina? ; Hydrophilinae; and Sphaeridimae. It will
be seen that four more have been considered here.
Recent authors have
laid stress upon larval characters in the determination
of subfamilies.
Limnebiini was raised to subfamily rank by d'Orchymont, 1913, and
Hydrqscaphidae was placed under the Hydrophilidse, as Hydroscaphinae,
by Boving, 1916. If the larval characters are to be
accepted, surely the
Hydrobiini and Hydrochoini are worthy of subfamily rank. The struc-
tures which characterize the immature stages of these subfamilies are
listed on pages 27 and 42 respectively. The adult characters offer differ-
ences as well. The Hydrobiinse differ strikingly from the Hydrophilinae
in general form, the latter being very much better adapted to water life.
The Hydrochoinae possess only seven-segmented antennas (the last
three segments pubescent) and six abdominal sternites, the second to
fifth furrowed and the sixth unchitinized but prominent. The Hydraeni-
nae, with which Ganglbauer linked them, possess eight- to nine-seg-
mented antennae (the last five segments pubescent) and six or seven
smooth, chitinized, abdominal sternites.
An examination of the phylogenetic tree will show three branches
near the base . The one to the left shows the trend of the Hydroscaphinse,
Sperchinse and Hydrophilinae. In these subfamilies, we find the tendency
to develop gills at first and then finally lose them. The branch at the
right shows the divergence of the Helophorinse,
1 as represented by Helo
phorus, from the primitive types of the Limnebiinse
1 and Hydrseninae.
Ganglbauer considered Helophorinse more primitive than those which
have been placed nearer the base but the only character which could
possibly suggest a more generalized larva is its three-segmented cerci.
In its other structures it is very much more specialized.
On the main branch, Limnebiina and Hydrseninse are near the base
and lead toward the Hydrobiinse, with the Hydrochoinae representing
the stepping-stone. The latter subfamily clearly bridges the gap between
the land forms and the water forms. Berosus, in its adaptation to water,
is clearly the most advanced of the Hydrobiinse. The pleural gills are
remarkably well developed and only a slight indication of a former
stigmatic atrium is discernible.
The branch with Hydrobius, Helocombus (?), Cymbiodyta and Helo-
chares shows a tendency to a sublinear form and the gradual reduction of
the number of inner teeth on the mandibles. It terminates in Philydrus,
The larva of Helophorus closely resembles that of Hister, while the larva? of the Ljmnebiimt
rare
strikingly similar to those small Staphylinida-, belonging to the Tachyponm, and to
Choleva, Liodes,
and Agathidium of the Silphidre.
Cerq/on
Sphceriaium
Hypothetical type
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a genus possessing larval prolegs
and manifesting a relationship to the
eruciform type of larva.
Ancwna and Paracymus, with the gradual
reduction of legs, lead
through Cyloma* to the terminus terrestre,
the subfamily Sphsmdunse.
IV. KEYS
An attempt is made to separate the genera in their
immature stages.
Schiodte 1862, gave excellent keys, written
in Latin, for all the stages,
butt hey 'are necessarily incomplete. The main
divisions of his pupal key
have been incorporated here. The only contemporary
work of note 1S
the larval key given by d'Orchymont, 191 3.
His grouping of the genera
is a very natural one; however, on account
of additional material, new
kevs have been considered advisable.
Representatives of all the genera
have been examined with the exception of
Cercyon, the data for which
have been taken from literature.
Key for the Identification of the Egg-cases
2
1. Eggs laid singly "
'
Eggs laid in a mass
2 Covered with silk, either closely or loosely
applied. • • -3.
Entirelynaked OcMUbvus (in part);
Hydroscapha.
3. Silk loosely applied, eggs visible
.
.Ochthebius (in part); Limnebi^
Silk closely applied, only contour of egg visible
4. Eggs not entirely enclosed, with only a
blanket-like covering, nearly regular
in outline, oval
'
" "
' ,
,
Egg entirely enclosed, irregular in outline, with
little stanchions. .Hydrochom.
5. Egg-mass covered with closely applied silk,
eggs invisible
.|
Egg-mass covered with silk, eggs visible
6 With a prominent projection at the cap end (armed) .
Without a prominent projection (unarmed). The project™, if
present, «
represented only by small strands
7 . Projection ribbon-like j2 .
Projection spine-like
8. Projection tubular jl
Projection flattened
i j- t n„ Helophorus.
9. Tubular projection opened distally 1Q
Tubular projection closed distally
.The Cyloma larva is not known, but the adult, according
to Gangtbauer, shows the relationship
of the Hydrobiini to the Splwcndnna;.
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10. Projection distinctly tubular proximally. Case proper nearly spherical.
d . ,. . ,. ,. , , Laccobius; Anccena.Projection not distinctly tubular proximally. Case somewhat chestnut-shaped
Contour of eggs visible at the cap end Berosus.
11. Filament broader and often surrounding the cap end. Case nearly spherical.
Hydrobius.
filament narrower. Case proper more elongate and smaller Philydrus.
12. Cases (free floating) noticeably larger. Cap hatchet-shaped and not covering
entire end
^
Cases (attached to aquatic vegetation) smaller. Cap round and covering entire
' Tropislernus.
13. Case naked, spine-like projection stout Hydrous
Case enwrapped in a leaf, spine-like projection slender and tip often bent over.
Hydrophilus.
14. Eggs laid on damp leaves (blanket-like covering of silk) Phcenonotum.
Case carried on the under side of the body by the female 15.
15. Case attached to the hind legs jg
Case held in place by the elytra and modified abdominal segments.
Epimetopus; Chcetarthria?
16. To the femora only Helochares.
To the femora and tibiae
„ Spercheus.
17. Egg-mass deposited near the water, usually under fallen leaves 18.
.
Egg-mass deposited in dung or damp earth 19
Egg-mass usually larger. Number of eggs varies from 15^3 Cymbiodyta.
Egg-mass usually smaller. Number of eggs varies from 10-15 Paracymus.
Egg-mass larger Sphcmdium.'
Egg-mass smaller Cercyon (?)
.
18.
19.
Key for the Identification of the Larvae
1. Nine complete abdominal segments, the tenth reduced but distinct. Integument
noticeably chitinized 2
Eight complete abdominal segments, the ninth and tenth reduced and forming
a stigmatic atrium (except in Berosus in which the atrium has not developed).
Integument not noticeably chitinized (except in Hydrochous) 6.
2. Head inclined; epicranial suture present ; ocular areas in groups of five; mandible
with lacinia mobilis: maxilla primitive with prominent inner lobe; labium
and maxilla; inserted in a furrow on the under side of the head; gula well
developed and attaining the occipital opening. Cerci absent or well developed
and two-segmented 3.
'No account is given of the eggs of Spharirlium or Cercyon except the situation in which they are
laid. I have observed only a single mass of Spharidium eggs.
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Head slightly elevated, nearly horizontal; epicranial
suture absent; ocular
areas in groups of six; mandibles sharply pointed,
with inner teeth; maxilla
palpiform- labium and maslla inserted at the anterior margin
of the under
side of the head; gula reduced and distant from the
occipital opening.
Cerci weli developed and three-segmented
Helophorus.
Antenna? very short; ocular areas aggregated;
clypeus lacking or fused with
labrum- no well-defined spiracles; tracheal gills on
the prothorax, and first
and eio-hth abdominal segments; cerci absent; each abdominal
segment with
a continuous band of chitin; tenth or anal segment with a
ventral sucker and
two terminal pencil-shaped appendices
.Hydroscapha.
Antenna; rather long; ocular areas distant;
clypeus and labrum both distinct;
nine pairs of anmiliform spiracles; no tracheal gills;
cerci two-segmented
and well developed; each abdominal segment with a
ventral and dorsal
plate of chitin; tenth or anal segment without a ventral
sucker and with two
small terminal hooks
^.
Antenna; usually shorter, with no prominent inner swellings;
seta; on the clypeus
not placed at the anterior margin and the two median ones distant
from each
other- lacinia mobilis narrower; inner lobe of maxilla? not
distinctly divided
apically; cerci nearly contiguous proximally and divergent
Ochthebius.
Antenna?" usually longer, with prominent inner swellings; seta: on
the clypeus
placed at the anterior margin and equidistant; lacinia mobilis broader;
inner
lobe of maxilla; distinctly divided apically; cerci widely separated
proximally
and nearly parallel
Third segment of antenna; without inner swellings, second
segment with a
single antenna! appendage; a pair of pectinate seta; at the anterior
margin of
the labrum- inner lobe of maxilla- slightly divided apically; labium
broadened
distally • *fT'
•Third segment of antenna; with an inner swelling; second
segment with two
slender antenna! appendages; no pectinate seta; at the anterior
margin of the
labrum; inner lobe of maxilla; strongly divided; labium not
noticeably
broadened distally, although sides of mentum are rounded
Limnebius.
Head slightly inclined or horizontal; antennae with their points of
insertion
nearer the externo-frontal angles than those of the mandibles;
ocular areas
in groups of five or six; labium and maxilla; inserted in a furrow
on the
under side of the head; gula well developed and attaining the
occipital
opening *"''"'
Head elevated; antenna; with their points of insertion farther from the
externo-
frontal angles than those of the mandibles; ocular areas in groups
of six;
labium and maxilla; inserted at the anterior margin of the under side
of the
head; gula reduced and not' attaining the occipital opening
b -
Ocular areas in groups of five, not aggregated; epicranial suture
very short,
nearly absent; mandibles sharply pointed and with inner teeth; pa
pitei
with an inner claw-like lobe; abdominal segments without chitinous
plates.
Spercheus.
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Ocular areas in groups of six, aggregated; epicranial suture entirely aosent,
each mandible with a terminal seta, inner tooth and lacinia mobilis; palpifer
with the inner rudimentary lobe not claw-like; abdominal segments with
well-developed chitinous plates Hydrochous.
8. Type pseudo-apneustic. Seven pairs of very prominent tracheal gills present
on the abdomen. Ninth and tenth abdominal segments very much reduced
and no stigmatic atrium present Berosus.
Type pseudo-metapneustic. Tracheal gills not nearly as prominent or absent.
Ninth and tenth abdominal segments reduced, forming a stigmatic atrium . . 9.
9. Ocular areas round, usually small and more closely aggregated; legs reduced or
absent; pleural lobes not prominent ; abdomen truncate 19.
Ocular areas oval, larger, aggregated but more distant; legs well developed,
visible from above except in Paracymus; pleural lobes usually prominent;
abdomen not noticeably truncate, more or less elongate 10.
10r First segment of antenna? not distinctly longer than the following two taken
together; finger-like antennal appendage present; labro-clypeus with teeth
usually well defined; mouth-parts stouter; mandibles not grooved internally;
stipes large and swollen, usually with an inner row of five stout setse; externo-
frontal angles of mentum not prominent, rounded; legs much shorter, femora
without fringes of swimming hairs; gills and prostyles absent 11.
First segment of antenna; distinctly longer than the following two taken to-
gether; finger-like antennal appendage absent; labro-clypeus with teeth small
or absent; mouth-parts more slender; mandibles grooved internally; stipes
not swollen, with seta; arranged differently; externo-frontal angles of mentum
prominent and acute; legs very long; femora with fringes of long swimming
hairs; gills present (Hydrophilus, Tropisternus) or absent (Hydrous); pro-
styles present
11 Frontal sutures parallel and not uniting to form an epicranial suture; left ex-
pansion of epistoma much more prominent than the right and with a row of
stout seta;; ligula absent; reduced sclerites of meso- and metathorax
widely
separated; tarsus well developed, about as long as tibia Laccobius.
Frontal sutures not parallel and may or may not unite to form ah epicranial
suture; lateral expansions of epistoma similar and usually m fine
with the
anterior margin of the labro-clypeus, no rows of stout seta; except
m Hydro-
bius- hVula present and longer than the first segment of the
palpus; sclerites
of meso°- and metathorax reduced but not so widely separated;
tarsus less
developed usually much shorter than the tibia
12 -
12. Antenna; shorter and antennal appendage more prominent
especially in the
first stage larva; epicranial suture absent;
legs reduced; abdomen more
truncate; cercus with long terminal seta
Antenna; longer and antennal appendage less prominent;
epicranial suture
present but usually short; legs fairly long, not
reduced; abdomen narrowed
caudally; cercus with a shorter terminal seta
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13 Frons truncate behind; labrum tridentate, the lateral teeth
bifid; mandibles
symmetrical, each with two inner teeth; palpiger enlarged in front; ligula
about as long as palpi, apparently two-segmented; anterior margin of pro-
notum without a fringe of stout setae; legs not visible from above . . Paracymus.
Frons rounded behind; labrum quadridentate; mandibles symmetrical, each
with three inner teeth; palpiger not enlarged in front; ligula not as long as
the palpi, one-segmented; anterior margin of pronotum with a fringe of stout
setse; legs barely visible from above Anemna.
1
14. Mandibles symmetrical, each with two or three inner teeth;
abdomen without
prolegs
Mandibles asymmetrical, the right with two inner teeth, the left with only
one; abdomen with prolegs on the third to seventh segments Philydrus.
15. Labro-clypeus with five distinct teeth, the outer left tooth a little distant from
the rest; each mandible with three inner teeth; mentum subquadrangular.
Hydrobius.
Labro-clypeus with at least six teeth; each mandible with two inner teeth;
mentum cordiform 16.
16. Labro-clypeus with six distinct teeth, placed in two groups, two on the left and
four on the right, mentum covered with small spines; anterior sclerites of the
metathorax with caudal projections Helochares.
Labro-clypeus with more than six teeth, those towards the right not clearly
defined and with several smaller teeth; mentum with small spines only towards
the base; anterior sclerites of the metathorax without caudal projections,
rectangular Cymbiodyta.
17. Head subspherical ; labro-clypeus without teeth; each mandible with a single
inner tooth; ligula not longer than first palpal segment; gills absent; pro-
notum not entirely chitinized Hydrous.
Head subquadrangular, narrowed behind; labro-clypeus with inconspicuous
teeth; each mandible with more than one, usually with two inner teeth;
ligula distinctly longer than first palpal segment; pronotum entirely chitin-
ized, gills present but more or less rudimentary 18.
18. Mentum transverse; sides only slightly rounded; fronto-external angles very
prominent; pleural gills rudimentary but indicated by tubercular projections,
each with several terminal setse... Tropisternus
.
Mentum, convex, with its sides strongly rounded towards its basal half, its
sides serrate in the last instar; fronto-external angles less prominent; pleural
gills fairly well developed and pubescent Hydrophilus.-
19. Head ovate or subspherical; antennal appendage shorter; mandibles asym-
metrical; stipes broadened and depressed on its outer side; ligula
3 exceeding
the palpi and pointed; median line on ventral side of the head impressed and
with a small pit mid-way; legs incomplete; abdomen without ventral suckers
20.
iThe characters found in Ancmna infuscata are incorporated here. It seems possible that Anca na
limbata, the larva of which d'Orehymont, 1013, described, may really belong to the genus Paracymus,
as its characters more closely resemble the latter genus. ...
, ,
. .
,
, t „,„
^D'Orehymont says in his key that the tarsus of Hydrophilus is toothed on the inner side, but onl>
the two inner seta? are found in H. oblusatus. ... ,
'The specimens at hand do not show the ligula formed as described here, but more larva; will nave
to be. examined before Schiodtc's figure is discredited.
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Head quadrangular; antenna! appendage about the length of the third segment;
mandibles symmetrical, each with two inner teeth; stipes swollen, not broad-
ened or depressed externally; ligula about as long as the first palpal segment
and not pointed; median line not impressed and pit absent; legs reduced but
complete; each abdominal segment with a ventral sucker 21.
20. Head subspherical ; ocular ares aggregated but more distant from each other;
mandibles without inner teeth, furrowed on the inner side; mentum cordi-
form; tarsi absent; procercus and appendage of seventh intersegmental
membrane fleshy and long Sphceridium.
Head ovate; ocular areas closely aggregated and sometimes appearing as one;
right mandible with a single inner tooth; mentum short, transverse; legs
absent; procercus and appendage of the seventh intersegmental membrane
reduced and barely indicated Cercyon.
21. Clypeus tridentate Phcenonolum.
Clypeus unidentate Colostoma.
Key for the Identification of the Pup^e
1 . Metathoracic wing-cases visible from above 2
.
Metathoracic wing-cases not visible 9-
2. Motary styli of abdominal tergites in transverse rows of six each; abdominal
tergites with small lateral tubercles; spiracles not hidden; abdominal pleu-
rites confused with the tergites
Motary styli of abdominal tergites in transverse rows of four each; abdominal
tergites with large lateral tubercles: spiracles not hidden but partly concealed
by the lateral tubercles of the tergites; abdominal pleurites well defined. . .3.
3. Supraorbital styli less than two in number; metasternal spine and inner spur
of
metatibia prominent; eighth abdominal tergite with two small, rounded
tubercles, each bearing a terminal stylus at the posterior margin 6.
Supraorbital styli two in number; no metasternal spine; inner spur of meta-
tibia not prominent; eighth abdominal tergite without tubercles as above. .4.
4. Pronotal styli 16 in number, all situated near the margins; cerci short.
Helophorus.
Pronotal styli 24-26 in number, all of them not situated near the margins;
cerci long '
5 Pronotal styli 26 in number, long and slender; abdominal styli varying
in size,
the lateral tergal styli very long and slender, the pleural styli very short
and
conical; eighth abdominal tergite without appendages resembling
cerci;
externo-caudal angles of ninth segment not acute; cerci long, very
crooked
and multiannulate distaHy
Berosus.
Pronotal styli 24 in number; abdominal styli subequal; eighth
abdominal
tergite with a pair of appendages resembling cerci; externo-caudal
angles of
ninth segment prominent and acute; cerci long, only slightly
rcooked and
°
. i , . . .Laccooius.
apparently not annulate
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6. Larger in size, more than 25 mm. long; one supraorbital stylus; only 16 well-
developed pronotal styli but several other inconspicuous ones; cerci 1 nearly
3.5 mm. long, superficially annulate, and not bifid (?) Hydrous.
Smaller in size, less than 12 mm. long; no supraorbital styli; 22 well-developed
pronotal styli; cerci about 1.45 mm. long, superficially annulate, slightly
bifid and acute Tropisternus.
7. Larger in size, more than 13 mm. long; pronotal styli numerous, 32 in number;
eighth abdominal tergite with two, small, rounded tubercles, each bearing a
short terminal stylus; cerci slightly bifid and acuminate Hydrophilus.
Smaller in size, less than 8 mm. long; pronotal styli fewer, 24 in number;
eighth abdominal tergite without the tubercles mentioned above but with a
pair of styli; cerci not bifid, acuminate or thread-like distally 8
.
8. Smaller in size, less than 3 mm.; styli are short with long terminal setae; the
styli at the anterior margin of the pronotum 10 in number, four in the middle
and three towards each side Paracymus.
Larger in size, more than 3 mm.; styli not noticeably short nor the terminal
seta long, about equal to each other; the styli at the anterior margin of the
pronotum 6 in number, two in the middle and two towards each side; the
two end styli on each side, which were present in the above, have moved to
a distinct lateral position Cymbiodyta; Philydrus; Helocharesr
9. Abdominal pleurites often confused with the tergites; cerci long, slender,
acuminate, multiannulate Cercyon
,
Abdominal pleurites distinct; cerci short, conical, two-segmented . . Sphceridiitm.
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Plate I
Fig. 1. Labium, ventral view. Hydrophilus oblusatus \&rva,.
Fig. 2. Head without appendages, dorsal view.
Fig. 3. Egg-case. Hydrobius fuscipes.
Fig. 4. Mandible of primitive larva of Ochthebius type.
Fig. 5. Maxilla of specialized type of Hydrophilid larva.
Fig. 6. Caudal view of open stigmatic atrium. Hydrophilus obtumtus.
Fig. 7. Side view of last three segment of larva. Hydrous triangularis.
Fig. 8. Side view of caudal end of larva with anus protruded. Hydrobius
fuscipes.
Fig. 9. Dorsal view of closed stigmatic atrium of larva. Philydrus nebulosus.
Explanation of Lettering on Plate I. Numbers Refer to the Abdominal Seg-
ments.
o, anus; ab, abductor muscle; ar, aerocercus; ad, adductor muscle; ai, antennal insertion; ap,
anterior piece of mandible; c, condyle; ca, cardo; cp, cap of egg-case; e, lateral expansion of epistoma;
ep, egg-case proper; e.s. epicranial suture; /, frons; fa.s, frontal antennal suture; fe.s, fronto-epistoma;
suture; fl, filament of egg-case; a, gula;'i, ligula; lb.pl, labia! palpus; l.d. labro-clypeus; tl, lateral
lobe; Im, lacinia mobilis; m, nientum; ma, molar area; mc, mesocercus (true cercus); ml, median
lobe; mx.pl, maxillary palpus; on, ocular area; oc, occipital opening; pc, procercus or procerss of eighth
pleurite; plf, palpifer; plf.l, lobe of palpifer; pig, palpiger; pp, posterior piece of mandible; sc, sense-
cones; sm, submentum; sf, stipes, t, troehantin; tr, trachea.

Plate II
Helophorus lacustris LeConte
Fig. 1. Left mandible, first stage larva.
Fig. 2. Right antenna, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right maxilla, first stage larva.
Fig. 5. Head, dorsal view of the anterior part, first stage larva.
Fig. 6. Right mesothoraeic leg, first stage larva.
Fig. 7. Larva, dorsal view, first stage.
Fig. 9. Labium, dorsal view, first stage larva.
Fig. 10. Egg-case.
Helophorus sp. ?
Fig. 8. Egg-case.
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Plate III
Ochthebius tuberculatus LeConte
Fig. 1. Labium, ventral view, first stage larva.
Fig. 2. Labrum and clypeus, dorsal view, first stage larva.
Fig. 3. Labium, dorsal view, first stage larva.
Fig. 4. Tip of right mandible, ventral view, first stage larva.
Fig. 5. Tip of left mandible, ventral view, first stage larva.
Fig. 6 Right maxilla, first stage larva
Fig. 7. Right mesothoracic leg, first stage larva.
Fig. 8. Right mandible, first stage larva.
Fig. 9. Caudal end of the anal segment, side view, first stage larva.
Fig. 10 Egg with loose covering of silk.
Fig. 11. Right antenna, first stage larva.
Fig. 12. Larva, dorsal view, first stage.
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Plate IV
Hydrcena pennsylvanica Kiesenwetter
Fig. 1. Labium, ventral view, first stage larva.
Fig. 2. Right antenna, first stage larva-
Fig. 3. Labium, dorsal view, first stage larva.
Fig. 4. Labrum and clypeus, dorsal view, first stage larva.
Fig. 5. Tip of right mandible, ventral view, first stage larv
Fig. 6. Tip of left mandible, ventral view, first stage larva.
Fig. 7. Right mesothoracic leg, first stage larva.
Fig. 8. Right mandible, first stage larva.
Fig. 9. Egg-case, showing the single egg within.
Fig. 10. Right maxilla, first stage larva.
Fig. 11. First stage larva, dorsal view.
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Plate V
Hydrochous squamifer LeConte
Fig. 1. Left mandible, first stage larva.
Fig. 2. Ventral side of head with mouth-parts removed except labium. First
stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right maxilla, first stage larva.
Fig. 5. Anterior region of head, dorsal view, first stage larva.
Fig. 6. Right antenna, first stage larva.
Fig. 7. First stage larva, dorsal view.
Fig. 8. Right mesothoraeie leg, first stage larva.
Fig. 9. Egg-case, enclosing the single egg.
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Plate VI
Hydrophilus obtumtus Say
Fig. 1. Right mesothoracic leg, first stage larva.
Fig. 2. Left mandible, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Egg-case with leaf wrapped about it.
Fig. 5. Right maxilla, first stage larva.
Fig. 6. Labium, dorsal view, first stage larva.
Fig. 7. Anterior region of head, dorsal view, first stage larva.
Fig. 8. Full-grown larva, dorsal view.
Fig. 9. Right antenna, first stage larva.
Fig. 10. Egg -case enlarged and without leaf.
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Plate VII
Tropislernus glaber Herbst
Fig. 1, Left mandible, first stage larva.
Fig. 2. Right mandible, first stage larva.
Fig. 3. Right maxilla, first stage larva.
Fig. 4. Right mesothoracic leg, first stage larva.
Fig. 5. Right antenna, first stage larva.
Fig. 6. Anterior region of head, first stage larva.
Fig. 7. Egg-case, side view.
Fig. 8. Labium, dorsal view, first stage larva.
Fig. 9. Full-grown larva, dorsal view.
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Plate VIII
Hydrous triangularis Say
Fig. 1. Full-grown larva, dorsal view.
Fig. 2. Left mandible, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right maxilla, first stage larva.
Fig. 5. Right mesothoracic leg, first stage larva.
Fig. 6. Right antenna, first stage larva.
Fig. 7. Head without appendages, dorsal view, first stage larva.
Fig. 8. Motory stylus of pupa.
Fig. 9. Egg-case.
Fig. 10. Labium, dorsal view, first stage larva.
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Plate IX
Laccobius agilis Randall
Fig. 1. Left mandible, first stage larva.
Fig. 2. Extremity of pupa, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right antenna, first stage lavra.
Fig.. 5. Right mesothoracic leg, first stage larva.
Fig. 6. Full-grown larva.
Fig. 7. Right maxilla, first stage larva.
Fig. 8. Anterior region of the head from above, first stage larva.
Fig. 9. Egg-case. Brown variety.
Fig. 10. Labium, dorsal view, first stage larva.
Fig. 11. Egg-case, showing exit hole of larvae. Silver or light gray variety.
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V
Plate X
Berosus peregrinus Herbst
Fig. 1. Left mandible, first stage larva.
Fig. 2. Right mandible, first stage larva.
Fig. 3. Right maxilla, first stage larva.
Fig. 4. Right mesothoracic leg, first stage larva.
Fig. 5. Pleural lobe of thorax, first stage larva.
Fig. 6. Right antenna, first stage larva.
Fig. 7. Anterior part of head, dorsal view, first stage larva.
Fig. 8. Full-grown larva, dorsal view.
Fig. 9. Labium, dorsal view, first stage larva.
Fig. 10. Egg-case, side view.
Fig. 11, Egg-case, front view.
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Plate XI
Hydrobius globosus Say
Kg. 1. Left mandible, first stage larva.
Fig. 2. Labium, dorsal view, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right mesothoracic leg, first stage larva.
Fig 5 Right maxilla, first stage larva.
Fig. 6. Anterior region of head, dorsal view, first
stage larva.
Fig. 7. Right antenna, first stage larva.
Fig. 8. Egg-case.
Fig. 9. Full-grown larva, dorsal view.

Plate XII
Cymbiodyta fimbriata Melsheimer
Fig. 1. Left mandible, first stage larva.
Fig. 2. Labium, dorsal view, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Anterior region of head, dorsal view, first stage larva.
Fig. 5. Right antenna, first stage larva.
Fig. 6. Right mesothoracic leg, first stage larva.
Fig. 7. Full-grown larva, dorsal view.
Fig. 8. Pupa, ventral view of caudal end.
Fig. 9. Right maxilla, first stage larva.
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Plate XIII
Helochares maculicollis Mulsant
Fig. 1. Full-grown larva, dorsal view.
Fig. 2. Left mandible, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right antenna, first stage larva.
Fig. 5. Anterior region of head, dorsal view, first stage lar
Fig. 6. Right mesothoracic leg, first stage larva.
Fig. 7. Right maxilla, first stage larva.
Fig. 8. Labium, dorsal view, first stage larva.
Fig. 9. Egg-case, ventral view.
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Plate XIV
Philydrus perplexus LeConte
Fig. 1. Left mandible, first stage larva.
Fig. 2. Labium, dorsal view, first stage larva.
Fig- 3. Right mandible, first stage larva.
Fig. 4. Labium, ventral view, first stage larva.
Fig. 5. Right mesothoracic leg, first stage larva.
Fig. 6. Right maxilla, first stage larva.
Fig. 7. Right antenna, first stage larva.
Fig. 8. Anterior region of head, dorsal view, first stage larva.
Fig. 9. Full-grown larva, dorsal view.
Fig. 10. Egg-case.
Philydrus ochraceus
Fig. 11. Egg-case.
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Plate XV
Anccena infuscata Motsehulsky
Fig. 1. Left mandible of first stage larva.
Fig. 2. Labium, dorsal view, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right mesothoracic leg, first stage larva.
Fig. 5. Right maxilla, first stage larva.
Fig. 6. Anterior margin of head, dorsal view, first stage larva.
Fig. 7. Full-grown larva, dorsal view.
Fig. 8. Right antenna, first stage larva.
Fig. 9. Egg-case.
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Plate XVI
Paracymus subcupreus Say
Fig. 1. Left mandible, first stage larva.
Fig. 2. Right antenna, first stage larva.
Fig. 3. Right mandible, first stage larva.
Fig. 4. Right maxilla, first stage larva.
Fig. 5. Anterior region of head, dorsal view, first stage larva.
Fig. 6. Right mesothoracic leg, first stage larva.
Fig. 7. Full-grown larva, dorsal view.
Fig. 8. Labium, dorsal view, first stage larva.
Bulletin A. M. N. H. Vol. XLII, Plate XVI
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